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INOACHUTEJIBHAS 3AIINCKA
Pabouas nporpamMma mo gusuke Ha ypoBEHb CPEIHEr0 o0IIero 0Opa30BaHUs
st ooywaromuxcess 10-11  kmaccoB MBOY  "I'mmuazus Ne4" 1. bBpsncka
pa3paboTaHa B COOTBETCTBUH C:

o ODenepanbHbiM 3akoHOM Poccuiickoit ®eneparmuu "O6 oOpazoBanuu B Poccuiickoit
Oeneparuu" ot 29.12. 2012 No 273-D3 (¢ uBMEHEHUSIMU U JTIOTOJTHEHUSMH ).

e [Ipukazom MunobpHayku Poccuum ot 17.05.2012 Ne413 "OO yTBepKaeHHUU
(benepanbHOro rocyJapcTBEHHOTO CTaHAapTa cpeiHero oomero oopasopanus'”.

e [lpukazom Munnpocsemenus Poccun ot 12.08.2022 Ne 732 "O BHeceHMH U3MEHEHUH B
(benepanbHBIl TOCYAapCTBEHHBIH 00pa30BaTENFHBIA CTaHAAPT CPEOHEro OO0MIero
o0pa3oBaHMsl, YTBEPXKACHHBIH NpUKa3oM MUHHCTEpCTBA OOpa3oBaHUs W HAYKU
Poccuiickoit ®enepanyu ot 17.05. 2012 r. Ne 413",

e [Ipukazom Munnpocsemenuss Poccunm or 18.05.2023 Ne371 "O6 yrBepkaeHUU
(enepanbHON 00pa30BaTENbHON IPOrPaMMBI CPEIHEro 0011ero oopasoBaHus".

e [Ipukazom MunnpocBemenus Poccunm ot 22.03.2021 Ne 115 "OO6 yTBepkIeHUH
Ilopsinka opraHu3anuy W OCYIIECTBJIEHHMS 00pa30BaTeNbHOW JEATEIbHOCTH 110
OCHOBHBIM 00111€00pa30BaTeIbHBIM MPOrpaMMaM - 00pa30BaTEJIbHBIM IPOrpaMMaM
HayajabHOro 00IIEero, OCHOBHOI'O OOLIEro U CpelHero oo1ero oopazopanus".

e Ilucemom Munnpocsemenuss Poccun ot 13.01.2023 Ne 03-49 "O nampasiieHUH
METOAMYECKUX peKOMeHIauui" (MEeToAuYecKue PEeKOMEHJAllMH IO CHUCTEME OLICHKHU
JOCTH)KEHMsI OOy4yarolMMKCS IUIAHUPYEMBIX PE3YJIbTaTOB OCBOEHUS IPOrpaMM
HayaJIbHOTO 00ILEro, OCHOBHOI'O OOIIEro M CpeHEero o0uiero oopa3oBaHus).

e [locranoBnenuem ['maBHOro rocygapcTBeHHOro caHutapHoro Bpada P® ot 28.09.2020
Ne28 "OO6 ytBepxkaenun canuTapubix mnpasun CII  2.4.3648-20 «CanutapHo-
SMHJIEMHOJIOTHYECKHE TPEOOBAHUS K OPraHM3alUsAM BOCIUTAHUSA U O0YUCHHsI, OTIbIXA U
03/10poBJIeHHs ieTer u Monoaexu»" (neictByroT ¢ 01.01.2021 10 01.01.2027).

e CanlluH 1.2.3685-21 '"T'uruenmyeckue HOPMATHBBI U TPeOOBaHUS K 0OECHEUECHHUIO
6e3omacHoCcTH U (MKM) OE3BPENHOCTH M 4YeloBeka (akTOpoB cpeabl obuTaHus",
YTBEp)KJIEHHBIMU ITOCTAaHOBJICHHEM IJIaBHOTO caHUTapHOro Bpada oT 28.01.2021 Ne 2.

e [lpukazom Munnpocseuienust Poccum ot 21.09.2022 Ne 858 "OO6 yrBepxaeHun
(denepanbHOro MepedHss Y4YEOHMKOB, PEKOMEHIYEMBIX K MCIOJIb30BAHUIO IIpU
peanu3anuy UMELMX IOCYAapCTBEHHYIO0 aKKpEAUTAIMI0 00pa30oBaTeIbHbIX IPOrpaMM
Ha4yaJbHOrO0 OOIIEro, OCHOBHOIO OOIIEro, cpeaHero oodmiero obpaszoBanus" (c
U3MEHEHUSMH U JONOJHEHUSAMMU).

e Konnenuueil mnpenopaBanusi ydeOHoro mnpeamera "®usumka" B 00pa3oBaTEIbHBIX
opranmzauusix P® peanusyoomumx OCHOBHbIE 00pa3oBaTENbHbIE MPOrPAMMBI,
yrBepkaeHHoil pewmenueM Koismernn Munnpocsemenus Poccun, npoTtokos ot
03.12.2019 NelIK-4BH.

e VYueOHBIM IUIAHOM CpEIHEro olmero odpa3oBaHus, YTBEpxkAeHHOro npukazom MBOY
"I'umuaszust Ne4" r. bpsncka ot 29.08.2023 Ne210 "OO6 yTBepXIE€HHHU OCHOBHBIX
00pa30oBaTeIbHBIX IPOrpaMMm .

e Jlonoxxenuem o paboueil mporpamme.

[IporpaMmma 10 @Qu3uke Ha YypOBHE CpeaHEero obmiero oOpa3oBaHUs
pa3paboTaHa Ha OCHOBE TOJIO)KCHUN W TpeOOBaHMII K pe3ysibTaTaM OCBOCHUS
OCHOBHOHM oOpa3oBaTenbpHON Mporpammel, mpeacraBieHHpix B ®I'OC COO, a
Takke ¢ yud€tom (enepaabHoi paboueil mporpamMmbl BocnuTanus U Konmeniuu
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npenojaBaHus yueOHoro npeamera «duszmka» B 00pa30BaTebHBIX OpraHU3alMsIX
Poccuiickoit  ®eneparuu, — peaM3yOINIMX  OCHOBHbIE  00pa3oBaTeIbHBIC
MIPOTrPaMMBl.

[Iporpamma 1o ¢gu3uke onpeaenseT o0s3aTesIbHOE MPEAMETHOE COJIEPIKaHKE,
yCTaHABJIMBACT PEKOMEHIYEMYIO MOCJIEI0BATEIbHOCTh U3YUYCHHSI TEM U PA3CiioB
y4e0HOr0 TpeaMeTa ¢ y4ETOM MEKIPEAMETHBIX M BHYTPUIPEIMETHBIX CBSI3EH,
JOTUKA  y4eOHOrOo TMpoIlecca, BO3PACTHBIX OCOOEHHOCTEM  O0YyJaroluXxcs.
[Iporpamma mo ¢usuke maér TpeACTaBICHHUE O IEIAX, COAEpPKaHUHU, OO0IIeH
CTpaTeruu OOy4YeHHWs, BOCIHTAHUS W PA3BUTUS OOYYAIOIIUXCS CPEJICTBAMHU
yueOHoro npeaMera «Pusuka» Ha yriyoJaEéHHOM YpPOBHE.

N3ydaenne kypca ¢GU3NKK YriayOJEHHOTO YPOBHS IMO3BOJISIET peain30BaTh
3a/1a4u MPOPEeCCHOHATLHON OPUEHTAIlUH, HAPABJICHO HA CO3/IAHUE YCJIOBHM IS
NPOSIBJICHUS CBOMX HWHTEUIEKTYalbHBIX W TBOPYECKUX CIIOCOOHOCTEH KaXKIbIM
o0yJarommmMcsi, KOTOpble HEOOXOIMMBI Il MPOAODKEHHUS OOpa3oBaHUS B
OpraHu3anusix MnpodecCUOHATBHOIO 00pa3oBaHUs MO pa3Iu4YHbBIM  (PU3UKO-
TEXHUYECKUM U UHKEHEPHBIM CIECIIUATbHOCTSIM.

B mporpamMe mno (Qusuke onpenenstorcs IUIAHUPYEMbIE Pe3yJIbTaThl
OCBOEHHUSI Kypca (DM3UKH HAa YPOBHE CPEIIHETO O0IIero 00pa3oBaHusl: JIMYHOCTHBIE,
METanpeIMeTHbIe, TMpeaMeTHble (Ha  yriiyonéHHom  ypoBHe). HayuHo-
METOJIOJIOTHYECKOM OCHOBOM Il  pa3paboTku TpeOOBaHUW K JUYHOCTHBIM,
METaNpeMETHbIM M TIPEAMETHBIM pe3yJbTaTaM OOYYaroUIUXCs, OCBOMBIIUX
nporpamMMy TI0 (¢HU3MKE HAa YpPOBHE CpeAaHero oomero oOpa3oBaHUS Ha
yrayOaE€HHOM YPOBHE, SIBJISIETCS] CHCTEMHO-IEATEILHOCTHBIN MTOAXO.

[Iporpamma 1o pu3uKe BKIHOYAET:

IJIAHUPYEMbIE pPe3yJbTaThl OCBOEHUSA Kypca (U3UKH Ha YyriayOnEHHOM
ypOBHE, B TOM YHCJIE TIPEIMETHBIE Pe3yJIbTaThl 10 TOAaM O0y4EHMUS;

cofiepkanne yaeOHoro npeamera « Du3nkay mo rogam o0 ydeHus .

[Iporpamma mo ¢u3uKe uMEET NPUMEPHBIA XapakTep U MOXKET ObITh
UCIOJIb30BaHa YYUTEIAMH (DU3UKH JJI COCTABICHUS CBOMX PabOUYUX MPOTrpaMM.

[Iporpamma 1o (u3MKe HE CKOBBIBAECT TBOPUYECKYIO MHHUIIMATHBY YUUTEIICH W
PEIOCTaBISIET BO3MOXKHOCTU JUIS  peaM3alldi  Pa3IMYHbIX METOJUYECKHUX
MOAXOJOB K TMpenojaBaHui0 (U3MKU Ha YriayOJEHHOM YpOBHE IMPU YCJIOBUHU
COXpaHEeHHUs 00s13aTeIbHON YacTU COAEPKaHUs Kypca.

®dusrka Kak Hayka O HamOoJjiee OONIMX 3aKOHaX NPUPOAbI, BBICTYIHAs B
KauecTBe yuyeOHOro MpeaMeTa B IIKOJIe, BHOCUT CYIIECTBEHHBIN BKJIaJ B CUCTEMY
3HaHui 00 okpykaromeM mupe. [IkonbHbIN Kype PU3UKN — cucTeMooOpa3yrouit
JUISl €CTECTBEHHO-HAYYHBIX YYEOHBIX MPEIMETOB, MOCKOJIbKY (PU3NUYECKHUE 3aKOHBI
JeXaT B OCHOBE TMPOILIECCOB M SIBJICHUN, H3ydyaeMbIX XHUMHUEH, OHOJIOTHEH,
bu3mdeckoii reorpadueii M actpoHoMuer. lcmomp3oBaHME W aKTHBHOE



npuMeHeHue (U3MUECKUX 3HAHWM OINpeAeNusio XapakTep W OypHOe pa3BUTHE
pa3sHOOOpa3HbIX TEXHOJOIMM B cdepe HHEPreTHKH, TPAHCIOPTa, OCBOCHMS
KOCMOCa, TIOJy4E€HHsI HOBBIX MAaTE€pUaloOB C 3a/laHHBIMU CcBoOWcTBamMu. M3ydeHwue
(Gu3MKKM BHOCUT OCHOBHOM BKJIaJ B (OPMHUPOBAHUE €CTECTBEHHO-HAYYHOM
KapTUHBI MHpa 00ydarmierocsi, B (OpMUpPOBAHUE YMEHUN MPUMEHSITh HAYUYHBIH
METO/]I TO3HAHUS TPY BHITIOJHEHUN UMH YU€OHBIX UCCIICTOBAHUM.

B ocHOBY Kypca (pu3nKu Ha ypOBHE CPEAHETO OOIIEro 00pa3oBaHUs MOJIOXKEH
pSa e, KOTOpbIE MOKHO pacCMaTpUBaTh Kak MPUHIUIIBI €0 MOCTPOECHUSI.

Hoea uyenocmmnocmu. B COOTBETCTBUHM C HEU KypC SBISAETCS JIOTMYECKU
3aBEPIIEHHBIM, OH COJIEPKUT MAaTEepUall U3 BCEX pa3/iesioB (M3MKH, BKIIOYAET KaK
BOTIPOCHI KJIACCUYECKOM, TaK U COBPEMEHHOMN (DU3UKH.

Hoea zenepanuszayuu. B cooTBeTCTBUM C HEWl Marepuan Kypca (uU3NKu
o0beAMHEH BOKpYr (Qusmyeckux Teopuil. Beaymmum B Kypce sBisieTcs
(dbopMupoOBaHUE TPEJCTABICHUNH O CTPYKTYPHBIX YPOBHSIX MaTEpUU, BEUIECTBE U
noJe.

Hoea cymanumapuszayuu. EE peanuzainus NOPEANnosiaracT MCIOIb30BAHUE
T'YMaHUTApHOrO MOTEHLHANA (PU3MYECKOM HAYKH, OCMBICIICHUE CBSI3H Pa3BUTHS
¢u3ukn ¢ pa3BuUTHEM OOIIECTBa, a TaKkKe€ C MHPOBO33PEHUYECKUMHU,
HPaBCTBEHHBIMU U HKOJIOIMYECKUMU TPOOIEMAMH.

Hoesa npuxnaonoii nanpaenennocmu. Kypc busuku yriyOoaéHHOTO ypOBHS
IPEoIaraeT 3HaKOMCTBO C IIMPOKUM KPYrOM TEXHHUYECKHX M TEXHOJOIMYECKUX
IIPUJIOKEHN M3YYEHHBIX TEOpUM M 3aKOHOB. [Ipu 3TOM paccmarpuBaroTcs Ha
YpOBHE OOLIMX TPEACTABICHUN M COBPEMEHHBbIE TEXHUYECKHE YCTPOMCTBA, U
TEXHOJIOTUH.

Hoesa 3konocuzayuu peanuszyeTcs TMOCPEACTBOM BBEACHUS DJIEMEHTOB
COJICP)KAaHMSI, TOCBAIIEHHBIX HKOJIOIMYECKUM MpoOJieMaM COBPEMEHHOCTH,
KOTOpBIE€ CBSI3aHbl C PAa3BUTHUEM TEXHHKU U TEXHOJIOTHH, a TaKXke OOCYXKICHHS
po6JieM palMOHAILHOTO MPUPOAOIIOIB30BAHUS U SKOJIOTUYECKOI 0€30MacHOCTH.

OcBoeHue cofiepKaHus MPOrpaMMBbl 10 (GU3HUKE JTOJKHO OBITh MOCTPOEHO Ha
MPUHIIUIIAX CUCTEMHO-IEATENBHOCTHOrO noaxosa. [ hu3uku peanuszanus 3THX
PUHIIMIIOB 0a3MpyeTcs Ha UCIOJIb30BAaHUU CAMOCTOSITEIHHOTO IKCIIEPUMEHTA KaK
MOCTOSIHHO JieHcTBYyIOIero ¢akropa ydeOHoro mpouecca. st yriyOia€HHOro
YPOBHA — 3TO CHCTEMa CaMOCTOSTEIbHOIO YYEHHYECKOIO0 HKCIIEPUMEHTA,
BKJIIOYAIONIETO (DPOHTAIbHBIE YYEHUYECKHUE OIBITHI TMPU HU3YYCHUH HOBOTO
Marepuaia, JJabopaTopHble paboThl U pabOThl MpakTUKyma. [Ipu 3TOM BO3MOMKHBI
IBa cmocoba peanu3anuu (usnueckoro mnpaktukyma. B mepBom  ciywae
OpakTUKYM npoBoautcsa ubo B koHie 10 m 11 kmaccos, b0 mocie nepBoro u
BTOPOr0 TONYrOAMM B KaXJAOM M3 3THX KjaccoB. Brtopoll cmocod — 3To
UHTErpaius paboT MpakTHKymMa B CHCTEMY JabOpaTOpHBIX pPabOT, KOTOPHIC



IPOBOJSATCS B Ipoliecce u3ydeHus pasnena (temsl). [Ipu stoM mox pabGoramu
IPaKTUKyMa MOHUMAETCsI CaMOCTOSITENIbHOE MCCIIEOBAHUE, KOTOPOE MPOBOIUTCS
10 PYKOBOJICTBY CBEPHYTOTr0, 0000IIEHHOTO BU/1a 0€3 MOIIAaroBOM MHCTPYKIIUH.

B nporpamme mno (Qu3mke cucTeMa Y4EHHUYECKOro 3KCIEPUMEHTa,
1a00paToOpHBIX PadOT U MPAKTUKyMa MpEACTaBI€HA €IUHBIM TNepeuHeM. Brioop
TEMaTUKU JUIS 3TUX BUJOB YUEHHYECKUX TNMPAKTUYECKUX PabOT OCYLIECTBIISETCS
y4acTHHUKaMU 00pa30BaTEIbHOIO MPOIecca UCXOs U3 0COOEHHOCTEN MOYPOUYHOTro
IUTAHUPOBAHUSA W OCHalleHus: kabuHeta Qusuku. Ilpu 3TOM oOecneunBaercs
OBJIaJICHHE OOYYalOIIMMHCS YMEHUSIMU TMPOBOJAUTH TMpPSIMBIE M KOCBEHHBIC
MU3MEPEHHUS, WCCIICOBAHUS 3aBHCHUMOCTEH (DM3NYECKUX BEIUYMH M TOCTAaHOBKY
OTIBITOB IO MPOBEPKE MPEITI0KEHHBIX TUIIOTE3.

Bonbmioe BHMMaHHME yIENSETCS PEUICHHIO PACYETHBIX MU Ka4eCTBEHHBIX
3anad. IIpu 3TOM A pacu€THBIX 3aJay MPUOPUTETOM SIBIISIIOTCS 3a/Ja4d C SIBHO
3aJJaHHON M HESIBHO 33JJaHHON (PU3MYECKON MOJENbIO, MMO3BOJIAIOIUE IPUMEHATh
U3YYCHHbIC 3aKOHBl U 3aKOHOMEPHOCTH KaK W3 OJHOr0 paszjena Kypca, Tak |
MHTETPUPYs IPUMEHEHHE 3HAHUN U3 Pa3HbIX pa3nenioB. [IJ1g KaueCTBEHHBIX 3a]a4
MPUOPUTETOM SIBIISIIOTCS  3a/laHdsl Ha OOBsSCHEHWE/NpPEJCKa3aHue MPOTEKAHMS
(u3nYecKuX SIBICHUN U MPOLIECCOB B OKPY’KAIOLIEH *U3HU, TpeOyrolue BbIOOpa
du3ndIecKoi MOAETH JIJIsl CUTYaIlH MPaKTUKO-OPUEHTUPOBAHHOTO XapaKTepa.

B cootBerctBuum ¢ TtpedoBanuamu DPI'OC COO k wmarepuanbHO-
TEXHUYECKOMY oOOecredeHruto ydyeOHoro mpoiecca Kypc (U3UKU yriayOJIEHHOTO
YPOBHS Ha YPOBHE CpeHEro oO1ero o0pa3oBaHus JOHKEH U3y4aThCsl B YCIOBUAX
npeIMeTHOro kKabOuHera. B kaOuHere ¢U3MKK JTODKHO OBITH HEOOXOAMMOE
nabopaTopHoe O0O0OpYy/IOBaHHWE Il BBIMOJHEHUSI YKa3aHHBIX B MpOrpaMme I10
bu3MKe YYCHHMYECKUX OIBITOB, JAaOOPaTOPHBIX pabOT M paboT MpaKTUKyMa, a
TaK)Ke JIEMOHCTPALlMOHHOE 000PY/10BaHUE.

JlemoHcTpalimonHoe o0OopynoBaHue (OpMUPYEeTCs B COOTBETCTBUU C
MOPUHIIMIIOM MUHUMAJIBbHON JOCTaTOYHOCTH M O0ECIEeYMBAET MOCTAaHOBKY
NEPEYMCICHHBIX B IMporpamMmMe Mo (U3HKE KIIOYEBbIX JAEMOHCTPALMA IS
WCCIICZIOBAHMUST ~ W3YyYaeMbIX SBJIEHUH U  TMPOLECCOB, HOMIUPUUYECKUX H
(G yHIaMEHTaNbHBIX 3aKOHOB, UX TEXHUYECKUX MPUMEHEHUH.

JlaGopatopHoe 00o0pyaoBaHUE [JIsi YUYEHMUECKHUX TMPAKTUUYECKUX padoT
dopMupyeTcsi B BHIIE TEMaTHUYECKHX KOMIUIEKTOB M OOECIIEUYMBAETCS B pacuére
OJHOTO KOMIUIEKTa Ha JBYX oOyyaroumxcs. TeMaTuyeckue KOMIUIEKTHI
7a00paTOpHOTrO 00OpPYAOBAaHUSI JOJDKHBI OBITH IMOCTPOCHBI HAa KOMILIEKCHOM
UCMOJIb30BAaHUM AHAJIOTOBBIX M IU(POBBIX NPUOOPOB, a TAKKE KOMIBIOTEPHBIX
U3MEPUTENIBHBIX CUCTEM B BUJIE IUPPOBBIX JTaOOPATOPUIA.

OCHOBHBIMHM LIEJIIMU U3y4YeHUsI (PU3UKU B 00IIEM 00pa30BaHUU SBJISIOTCA:



dbopMupoBaHUE UHTEpPeca M CTPEMIICHUS OOYYaroIIMXCd K HaydYHOMY
U3YUYEHUIO TPUPOABI, pa3BUTUE UX HUHTEIUIEKTyalbHBIX U  TBOPYECKHUX
CIIOCOOHOCTEII;

pa3BUTHE MPEICTABICHUM O HAyYHOM METOJE MO3HaHUSA M (HOpMUPOBaHUE
UCCIIEIOBATENbCKOI0 OTHOLIEHUS K OKPY)KAIOIIUM SIBJICHUSIM;

(dbopMupoBaHHuE HaAYYHOTO MHUPOBO33PEHMs KaK pe3yJsibTaTa W3Yy4eHHs OCHOB
CTpOEHUSI MaTepUH U PyHIaMEHTAJIbHBIX 3aKOHOB (DU3UKH;

dhopMupoBaHUE YMEHUIN OOBSICHATH SBJICHUS C UCIOJIb30BAaHUEM (PU3HUECKUX
3HAHWM ¥ HAYYHBIX JI0KA3aTENIbCTB;

dbopMupoBaHUE NPEACTABICHUNH O poid (U3UKUA JUIsl Pa3BUTUSL APYTrUX
€CTECTBEHHBIX HAyK, TEXHUKHU U TEXHOJIOTHIA;

pa3BUTHE  MPEICTaBIECHUNA O BO3MOHBIX cdepax Oynymiei
npoecCUOHANBHONW JIeATETbHOCTH, CBSI3aHHBIX C (DU3MKOH, MOATrOTOBKA K
JanbHeHIIeMy OOy4eHHIO B 3TOM HalpaBJICHUH.

JlocTikeHne 3TUX 1iesield 00ecrieurnBaeTcs pelieHueM CIEeNYIomuX 3ajay B
mporecce U3ydeHus Kypca (U3uKU Ha yPOBHE CPEIHEro o0IIero oopa3oBaHus:

MPUOOPETEHHE CUCTEMBI 3HAHUN 00 OOIMX (PU3NYECKUX 3aKOHOMEPHOCTSIX,
3aKOHAaX,  TEOpHUSX,  BKIIOYas  MEXaHUKY,  MOJEKYJSIpHYI0O  (U3HKY,
ANEKTPOANHAMUKY, KBAHTOBYIO (PU3UKY U 3JIEMEHTBI aCTPO(U3UKH;

(dbopMupoBaHuEe YMEHHUI MPUMEHSATh TEOPETUYECKUE 3HAHUS AJI1 OOBSICHEHHUS
¢u3ndYecKux SBICHUN B TPUPONE W JIA NPHUHATHS MPAKTUYECKUX PEIICHUN B
MIOBCEJHEBHOM KU3HU;

OCBOGHHME CIOCOOOB pEIIEHUS pa3IUYHbIX 3a7ad C SBHO 3a/JaHHOM
du3znuecko MOAENbI0, 3a/ay, MOAPA3yMEBAIOIIMX CaMOCTOSTEIbHOE CO3/1aHue
(¢u3nyeckoil MOJAENTH, aJeKBAaTHOM YCJIOBUSIM 3ajjaud, B TOM 4YHCIE 3ajad
UHKEHEPHOT'O XapaKkTepa;

NOHUMaHHWE (U3NYECKUX OCHOB W TPUHLMUIIOB JEHUCTBUS TEXHUYECKUX
YCTPOMCTB ¥ TEXHOJIOTMYECKUX MPOLIECCOB, UX BIUSHUS HA OKPYKAIOLIYIO CPEAY;

OBJIQJICHUE METOJaMU CaMOCTOSITEIbHOIO ITUIAHUPOBAHUS M MPOBEICHUS
(GU3NYECKUX OKCIEPUMEHTOB, aHalIW3a © HHTEpOpeTanuu  uHopMaIH,
OTIpe/IeNICHHs] TOCTOBEPHOCTH MOJIY4EHHOTO Pe3yibTaTa,

CO3/IaHHE YCIOBHM ISl pa3BUTUS YMEHUU MPOEKTHO-HCCIIEN0BATEIbCKOM,
TBOPYECKOM JIEITEIBHOCTH;

pa3BuUTHE UHTEpeca K chepam npodhecCuOHATbHON 1eATENbHOCTH, CBSI3aHHON
¢ GUBHKOM.

B coorBerctBun ¢ TtpeboBanmsimu DPI'OC COO yrnyOn€HHBIN ypOBEHb
u3ydeHus: ydyeOHoro mnpeamera «@Pu3nWKay Ha YpPOBHE CpPEIHEro OOIIEero
o0Opa3oBaHusl BbIOMpaeTcs OOyYarOUIMMUCS, I[JIAHUPYIOIIMMH MPOJOJKEHUE
00pa30BaHus MO CHEITUATBHOCTAM (PU3UKO-TEXHUYECKOTO PO,



Ha usydyenue ¢usuku (yriayOaéHHBIA YPOBEHB) HAa YPOBHE CPEIHETO OOIIEro
obpasoBanus orBoauTcs 102 vaca: B 11 kimacce — 102 yaca (3 yaca B HefIeli0).

[Ipennmaraemserii B mporpamme 1o (DU3UKE TIEPEUYCHb J1a0OPAaTOPHBIX U
MPAKTUYECKUX paboT SBISETCA PEKOMEHJOBAaHHBIM, YYMUTENb JEelaeT BbIOOD
IPOBEJICHUST JTA0OPATOPHBIX pPabOT W ONBITOB C YYETOM HWHIWBHIYATbHBIX
0COOCHHOCTEM 00yYaroInXCsl.

COJEPXAHUE OBYUYEHUA
10 KUIACC

Paznen 1. Hay4yHblii MeTOX MO3HAHUS NPHUPOAbI.

®dusuka — pyHnameHTanbHas Hayka o npupoze. Hayunslit MeToq mo3HaHus u
METOJIbl UCCIIEIOBAHUS (PU3NYECKUX SIBJICHUH.

OKCHEpUMEHT M Teopus B Ipoliecce Mo3HaHus Npupoasl. Habmonenue u
AKCIIEPUMEHT B (pU3HKeE.

CnocoObl u3MepeHust (GU3MUECKUX BEJIMYMH (aHAJIOroBble M IU(POBHIC
M3MEpPUTEIIbHBIE MPUOOPHI, KOMIIBIOTEPHBIE JATYMKOBBIE CUCTEMBI).

[TorpemrHocT  u3MepeHHi  (U3HYECKUX  BEIMYMH  (aOcoiroTHas U
OTHOCHUTEJIbHA).

MonenupoBanue (pU3NUYECKUX SIBICHUN U MPOLECCOB (MaTepuaibHas TOYKA,
abCoNIIOTHO TBEPHOE TeNo, HAeanbHas >KUIKOCTb, HACAJIbHBIA ra3, TOUYCUHBIN
3apsin). ['unoresa. @u3nueckuil 3aK0H, TPaHULBI €ro npuMeHuMocTu. dusnyeckas
TEOpHs.

Ponp u Mecro ¢u3uku B (HOpMHUPOBAHUU COBPEMEHHOW HAYYHOM KapTHUHBI
MHPA, B IPAKTUYECKON AEATEIBHOCTH JIIOJIEH.

Yuenuueckuii sxcnepumenm, nadbopamopmsie padomol, npaKmMuKym.

N3mepeHne cuiibl TOKA M HANpPsOKEHUS B LENH TOCTOSHHOTO TOKa MpH
MOMOIIIM aHAJOTOBBIX U MU(POBBIX U3MEPHUTEILHBIX TPUOOPOB.

3HaKoMCTBO ¢ HHGPOBOM J1aboparopueit nmo dusuke. [Ipumepsl u3MepeHus
(u3NYEeCKUX BEJIMUUH MPH MOMOIIN KOMITBIOTEPHBIX JATYUKOB.

Pasznen 2. Mexanuka.

Tema 1. Kunemamuka.

Mexannueckoe ABHKEHHE. OTHOCHUTEIBHOCTh MEXaHWYECKOIO JBHUKCHMUS.
Cucrema orcuéra.

[Ipsimast u oOpaTHas 3aja4l MEXaHUKHU.

Pannyc-BekTop MarepuaibHOM TOYKH, €r0 MPOEKIMH HAa OCU CHCTEMBI
KoopauHar. Tpaekropusl.



[lepemerienue, CKOpocTb (CpelHsii CKOPOCTb, MTHOBEHHasi CKOpPOCTh) U
YCKOPEHUE MaTepUalIbHOM TOYKH, UX MPOCKIMH HA OCH CHUCTEMBI KOOPAHUHAT.
CroxeHune nepeMenieHuii U CII0KEHUE CKOPOCTEM.

PaBHOMEPHOE M PaBHOYCKOPEHHOE MPSMOJIMHEUHOE IBUKEHUE. 3aBUCUMOCTD
KOOPJIUHAT, CKOPOCTH, YCKOPEHUSI U MyTH MaTEPUAIbHOM TOYKH OT BPEMEHH M UX
rpaduxmu.

CBoOogHOe TajeHue. Y CKOpeHHe CBOOOJHOrO TajeHus. [[BrkeHue Tena,
OpOIIIEHHOTO MO/ YIJIOM K TOPU30HTY. 3aBUCHUMOCTh KOOPJMHAT, CKOPOCTH H
YCKOPEHUSI MaTepUaIbHON TOYKUA OT BPEMEHH M MX TpadUKu.

KpuBonmuHueiiHoe  nBUKeHWE. J[BW)KEHHME  MAaTepuaqbHOM  TOYKHM  TIO
OKPYXKHOCTH. YTJOBas W JUHEHHas cKopocTh. [lepmom m wactora oOparieHwus.
[enTpocTpemutensHoe (HOpMaIbHOE), KacaTeabHOE (TaHM€HIMAIbHOE) U MOJHOE
YCKOPEHUE MATEPUATIbHON TOUKHU.

TexHnueckne yCTPOWCTBA M TEXHOJIOTMYECKHE IIPOLIECCHI:  CIUAOMETP,
IBWKEHUE CHApsJOB, LEIMHbIC, MIECTepEHYAThIE W PEMEHHBIE MEpENayu,
CKOpPOCTHBIE JTU(THI.

Hemoncmpayuu.

Mogenb cucTeMbl OTCUETA, WILTIOCTPALUS KMHEMATUYECKUX XAPAKTEPUCTHK
JBUKCHUSL.

CriocoObI uccre0BaHus JIBUKEHUH.

Wnmoctpanus npefenbHoro nepexoa 1 i3MepeHue MrHOBEHHOM CKOPOCTH.

[TpeobOpazoBanre IBMKCHUH C UCITOIB30BAaHUEM MEXaHU3MOB.

[TageHue Tes B BO3yX€ U B pa3peKEHHOM MPOCTPAHCTRE.

Hab6mtonenre ABUKEHHMS Tejla, OpOIIEHHOrO TOJ YIJIOM K TOPU30HTY U
TOPU30HTAJIBHO.

HanpagiieHne cCKOpOCTH NpU IBUKEHUU 110 OKPYKHOCTH.

[IpeobpazoBaHue yrioBoi CKOPOCTH B PEAYKTOPE.

CpaBHeHUE TyTEH, TPACKTOPUM, CKOPOCTEU NBHXKEHHUS OAHOTO M TOTO K€
T€Ja B Pa3HBIX CUCTEMAX OTCUETA.

Yuenuueckuii sxcnepumenm, nadbopamopmsie padomol, nPAKMUKyMm.

N3yyeHne HEpaBHOMEPHOTO JBUKEHHUS C LEIbIO ONPEAECICHUS MTHOBEHHOU
CKOpPOCTH.

N3MmepeHue ycKOpeHus: TIpU NPSIMOJIMHEHHOM PaBHOYCKOPEHHOM JBHXKCHUU
10 HAKJIOHHOM TJIOCKOCTH.

HccnegoBanue 3aBUCMMOCTH MYTH OT BPEMEHHM IIPU PaBHOYCKOPEHHOM
JBUKCHUU.

N3mepenue YCKOPEHUS CBOOOJTHOT'O  TaJEHUs (peKOMEHJ0BaHO
UCITI0JIb30BaHME ITU(POBOI 1abopaTopun).



W3ydenue [BWXKEHHUSI Tela, OpOLIEHHOro Tropu3oHTaidbHO. [IpoBepka
TUIIOTE3bl O MPSMOM MPOMOPIUOHATBLHON 3aBUCUMOCTH MEXIY AalbHOCTBIO
MOJETA ¥ HAYAIIbHOM CKOPOCTBIO TEJNA.

N3ydyeHne ABUWKEHHS Tella MO OKPYKHOCTH C TOCTOSIHHOM MO MOMIYJIIO
CKOPOCTBIO.

HccnenoBanue 3aBUCUMOCTH TIEpHOJa OOpaIleHHsT KOHUYECKOTO MasiTHUKA
OT €ro MapameTpoB.

Tema 2. /lunamuxa.

IlepBoiii 3akoH HproToHa. MuHepumanbHblie cucteMsl orcuéra. [lpuHiun
oTHocuTenbHOCTU ["anmunes. HemnepuuanbHble cUCTEMBbl OTCUéTa (OMpeaeseHue,
IIPUMEDBI).

Macca tena. Cuna. [IpuHIMO Cynepno3uuuu Cuil.

Bropoi1 3akon HeroTOHA 1151 MaTepraIbHONW TOUYKH.

Tpernii 3ak0oH Hpr0TOHA 111 MaTEpUAIIBHBIX TOYEK.

3aKOH BCEMHUPHOIO TATOTEHUSA. OKBUBAJICHTHOCTh TI'PABUTALMOHHON W
MHEPTHON MAaCCHI.

Cuna TsKecTU. 3aBUCUMOCTh YCKOPEHHUS CBOOOJHOTO TAJEHHUSI OT BBICOTHI
HaJ TOBEPXHOCTHIO IUIAHETHI W OT reorpauyecKkol MmUpoThl. J[BHKeHHE
HEOECHBIX TeJl U UX CIIyTHUKOB. 3akoHbl Kemepa. [lepBas kocMuueckasi CKOPOCTb.

Cuna ynpyroctu. 3akoH ['yka. Bec Ttema. Bec tenma, nBXymierocss ¢
YCKOPEHUEM.

Cuna tpenus. Cyxoe tpenune. Cuila TPEHHUSI CKOJIBXKEHUS W CHJIA TPEHHS
nokost. Koaddunment tperus. Cuiia CONPOTHBICHUS TMPU JIBUKEHUU TeEla B
AKUIKOCTH WU ra3e, €€ 3aBUCUMOCTh OT CKOPOCTH OTHOCUTEJILHOTO JIBUYKEHUS.

Hasnenue. ['uapocratuueckoe napienue. Cuina Apxumenaa.

TexHnueckne yCTpOWCTBA M TEXHOJOTMYECKHE MPOLECCHl: MOALIUITHUKH,
JBUKEHUE UCKYCCTBEHHBIX CITYTHHKOB.

Hemoncmpayuu.

HaGmonenue qBrKeHUs TNl B MHEPIMAIbHBIX U HEMHEPLIHAIBHBIX CUCTEMAaX
OTCYETA.

[IpyHUIKMT OTHOCHUTEILHOCTH.

Kauenue aByX HWIMHAPOB WM IIAPOB Pa3HOM MAacChl C OJIMHAKOBHIM
YCKOPEHHEM OTHOCHUTEJIbHO HEMHEPLIMAIBHON CUCTEMBI OTCUETA.

CpaBHEHHE  pABHOACHUCTBYIONIEH  MPUIIOKEHHBIX K TEIy CHUI C
IPOU3BEIEHUEM MACCHI T€Jla Ha €r0 YCKOPEHUE B MHEPLIMAIBHON CUCTEME OTCUETA.

PaBeHCTBO cuJl, BOBHHKAIOIINX B PE3YJIbTATE B3aUMOACHCTBUS TE.

N3mepenne Macc mo B3auMO/IEVCTBHUIO.

HesecomocTs.

Bec Tena npu yckopeHHOM MOABEME U MAJICHUH.



LeHTpoOekHbIE MEXAaHU3MBI.

CpaBHEHUE CUJT TPEHUS MMOKOS, KAYEHHUS U CKOJIbKCHUSI.

Yuenuueckuii sxcnepumenm, nadopamopnuie padomot, NPAKMUKYM.

N3mepenre paBHOACUCTBYIONICH CUJI MPU JBUKEHUU OpyCKa MO HAKJIOHHOU
IIJIOCKOCTH.

[IpoBepka THUIOTE3I O HE3ABUCHUMOCTH BpPEMEHHU JABUKEHUS Opycka IIo
HAaKJIOHHOM IJIOCKOCTH Ha 33JaHHOE PACCTOSHUE OT €r0 MacCChl.

HccnenoBanne 3aBUCUMOCTH CHJI YIIPYTOCTH, BO3HHMKAIOIMIMX B NPYKUHE H
PE3MHOBOM 00pa3Iie, OT ux AchopMaIluu.

N3yuenne ABMKEHUSI CUCTEMBI TEJ, CBSI3AHHBIX HUTHIO, IEPEKUHYTOW Yepe3
NETKUi OJIOK.

N3mepenne korpduieHTa TpeHUs: MO BEJIMYHUHE YIIIOBOTO KO3 QHUIMEHTA
3aBUCHUMOCTH Frp(N).

HccnenoBanne NBUKEHUS OpycKa MO HAKIOHHOW IUIOCKOCTH € MEPEMEHHBIM
KO3 (D PUITUEHTOM TpEHHUS.

N3ydyeHne nBUKEHUA Ipy3a Ha BAILy C TPEHHUEM.

Tema 3. Cmamuxa meépoozo mena.

AlGcomotHo TBEpHoe Teno. [locrymarenbHOoe W BpallaTelbHOE JBUXKEHUE
TBEPAOro Tena. MOMEHT CHIIbI OTHOCHUTEIBHO OCH BpamieHus. [lnedo cuisl
CroxxeHue cuil, TPUIOKEHHBIX K TBEpAOMY Teny. LIeHTp TskecTu Tena.

VY ciioBus paBHOBECHS TBEPIOTO TENA.

VYcroitunBoe, HEyCTOMYMBOE, O€3pa3INuHOe PaBHOBECHE.

TexHuyeckue yCTPOMCTBA M TEXHOJIOTHUYECKHE ITPOLECCHI: KPOHIUTEMNH,
CTPOUTEIIbHBIN KPaH, pEIIETUAThIE KOHCTPYKLUH.

Hemoncmpayuu.

VY cnoBusi paBHOBECHS.

Buner paBHOBECHS.

Yuenuueckuit sxcnepumenm, nadbopamopnsie padbomul, nPaKmMuKym.

HccnegoBaHue ycinoBU paBHOBECHUS TBEPAOrO Tela, HMEIOLIErO OCh
BpAILCHMUS.

KoHcTpynpoBaHue KpOHIITEWHOB M pacu€T CHII YIPYTrOCTH.

N3ydyeHne ycTOMYMBOCTH TBEPIOTO TEJA, UMEIOLIETO ILIOMIAAb OMOPHI.

Tema 4. 3akonvl coxXpanenus ¢ Mmexanuke.

NMnynbc MaTepuagbHOW TOUKH, CUCTEMBI MAaTEpUANIBHBIX TOYEK. LleHTp mace
CUCTEMBI MATEPUAIIBHBIX TOUEK. Teopema 0 IBU)KEHUHU LIEHTPa Macc.

NMnynbC Cuitbl 1 U3MEHEHHUE UMITYJIbCA TEJIA.

3aKOH COXpaHEHUS UMITYJIbCa.

PeakTuBHOE JBM)KCHHUE.



MoMeHT uMIlylibca MarepuajbHOM TOYKH. lIperncraBieHue o COXpaHEHUU
MOMEHTa UMITYJIbCA B LIECHTPAJIbHBIX ITOJISX.

Pabora cunbsl Ha MajqoM M Ha KOHEYHOM IiepeMelleHud. ['paduueckoe
peJicTaBlIeHuEe PadOThI CUJIBI.

MOIIHOCTH CUJIBI.

Kunernueckass sHeprusi MarepualibHOM Touku. Teopema 00 W3MEHEHHH
KUHETHYECKOU SHEPTUU MATEPUATIBHOM TOYKH.

[ToreHmanbHble W HENOTEHIMAIbHbIC CWIbL. lloTeHUMaNbHAs SHEprus.
[ToTenmnuanbHas sHEprus ynpyro nedopMUpOBaHHON MpyXuHBI. [loTeHnmanbHas
SHEprusi Teina B OAHOPOJHOM TPAaBUTALMOHHOM Toje. I[loTeHumanbHas sHeprus
Teja B IPaBUTALIMOHHOM TOJI€ OJHOPOJHOrO 1apa (BHyTpU W BHE 1iapa). Bropas
KOCMMYECKAsi CKOPOCTh. TpeThs KOCMUYECKask CKOPOCTb.

Csi3b  paOOThl HEMOTEHIMAIBHBIX CHUJI C HW3MEHEHUEM MEXaHMYeCKOU
SHEPIrUU CUCTEMBI TEJ. 3aKOH COXpPaHEHUS MEXAaHUYECKON SHEPIUHu.

VYpyrue u Heynpyrue CTOJIKHOBEHUS.

YpaBHeHue bepHymmM sl MACaTbHOW JKUIAKOCTH KAaK CIEACTBUE 3aKOHA
COXPAHEHUSI MEXaHUYECKON IHEPTUU.

TexHuyeckrue yCTpOMCTBAa U TEXHOJIOTMYECKUE IPOLIECCHI: IBUKCHUE PAKET,
BOJAOMET, KOMEP, MNPYKUHHBIA THCTOJNET, THUPOCKON, (GUTypHOE KaTaHUE Ha
KOHbKaXx.

Hemoncmpayuu.

3aKOH COXpaHEHUSI UMITYJIbCa.

PeaktuBHOE IBHXKEHHUE.

HN3MepeHne MOIIHOCTH CUJIBI.

W3MeHeHne sHeprun Tefa Mpyu COBEPIIICHUH PaOOTHI.

B3auMHble npeBpallieHUsT KUHETUYECKOW M TMOTCHIUAIBHOW SHEPIrUMl MpHU
JNEUCTBUH HA TEJIO CUJIbI TSIKECTH U CUJIbI YIIPYT OCTH.

CoxpaHeHure SHepPruu Mpu CBOOOTHOM IMaICHHUH.

Yuenuueckuit sxcnepumenm, nadopamopnuie padomot, NPAKMUKYM.

N3mepenne nMmyibca Tena 1o TOpMO3HOMY ITYTH.

W3mepenue cuibl TSITW, CKOPOCTH MOJENTU DJIEKTPOMOOMIS M MOIIHOCTH
CHUJIBI TSATH.

CpaBHEHME U3MEHEHUS UMITYJIbCA TE€Ja C UMITYJIbCOM CHJIBI.

HccnenoBanne COXpaHeHUsI UMITYJIbCA IIPU YIIPYTOM B3aUMOIECHCTBUM.

N3MmepeHnne KUHETUYECKOW SHEPTUH TeJa IO TOPMO3HOMY ITYTH.

CpaBHeHHE U3MEHEHHS TTOTCHIIMAILHON dHEPTUH MPYKUHBI ¢ pabOTON CHJIBI
TPEHUS.

Omnpenenenre pabOTHl CUJIBI TPEHUS MPU JABUKEHUM Tejla MO HAKJIOHHOM
IIJIOCKOCTH.



Paznen 3. Monekyasipuasi Gu3nka U TEpMOJHMHAMMKA.

Tema 1. OcHogbl MONEKYAAPHO-KUHEMUYECKOU MeoPUU.

OCHOBHBIE TIOJIOKEHUSI MOJIEKYIsipHO-KuHeTn4yeckol teopun (MKT), wux
onbITHOe obocHoBanue. Juddys3us. bpoyHoBckoe nBwxeHue. Xapakrtep
JNBWKEHUS M B3aUMOJECHCTBHMS YACTHI] BelIecTBA. MOJENM CTPOECHUS Ta30B,
KHUAKOCTEH U TBEPABIX TEN M OOBSICHEHUE CBOMCTB BEIIECTBA Ha OCHOBE 3THUX
mozenei. Macca u pa3mepbl MoJekya (atomoB). KonuyecTBo BellecTBa.
[Tocrossnnas ABoraspo.

TermmoBoe paBHOBecue. Temmeparypa u crocoObl €€ m3aMepenwms. Illkama
temneparyp Llenbcus.

Mopenps uaeanbHOro ra3a B MOJEKYJSAPHO-KMHETUYECKOW TEOPUU: YACTHUILIbI
rasza JIBW)KYTCS XaOTUYECKH U HE B3aUMOJEHCTBYIOT APYT C APYIOM.

l'azoBbie 3akoHbl. YpaBHeHue MenpaeneeBa—Knaneiipona. AOcomoTHas
temrneparypa (mkana temnepatyp KensBuna). 3akon JlameroHa. M3ompoiiecch B
UJcalbHOM Ta3e C TOCTOSHHBIM KOJIMYEeCTBOM BemlecTBa. ['paduueckoe
MIPEICTAaBIIEHNE U30IIPOLIECCOB: H30TEpPMa, U30X0pa, 300apa.

CBs3p MEXIy [JIaBICHHEM W  CpEeOHEW KHHETHUYECKOM  DJHEprueu
IOCTYNATEIbHOIO TEIJIOBOIO JIBUKEHHUS MOJIEKYJ HACAIBHOrO Tra3a (OCHOBHOE
YpaBHEHHE MOJIEKYIISIPHO-KUHETHYECKOW TEOPUH UJI€aTIbHOTO rasa).

CBsi3b a0COIOTHOM TEMIIEpaTyphl TEPMOAMHAMUYECKON CHCTEMBI CO CPEIHEH
KMHETUYECKOW dHEPTUEH MOCTYINATENBHOIO TEMIOBOTO ABMKEHUS €€ YaCTHLL.

TexHuueckne yCTpPOHMCTBA M TEXHOJIOTMYECKUE IIPOLIECCHI: TEPMOMETP,
OapoMeTp, MoJlyueHHe HaHOMATEPHUAJIOB.

Hemoncmpayuu.

Mopaenu IBUKEHHS YaCTHL BELIECTBA.

Mopens 6pOyHOBCKOTO ABUKEHUSI.

Buneoponuk ¢ 3amuceio peaasbHOro OpOyHOBCKOTO JTBUKECHHSL.

Huddysus xuakocteil.

Mogaens onbita lTepHa.

[IpuTsykeHrEe MOJIEKYIL.

Monenu KpUCTAUUIMYECKUX PEIIETOK.

Habmronenue u rccieoBaHue U30IPOIECCOB.

Yuenuueckuii sxcnepumenm, nadopamopnuie padomot, NPAKMUKYM.

HccnenoBanue 1mpolecca YCTAHOBJIEHMS TEIUIOBOI'O PAaBHOBECHS  IIpU
TEMI000MEHE MEX]Y TOpsiueid U XOJI0IHON BOJIOH.

W3yueHne H30TEPMHUECKOTO Iporecca (peKOMEHIOBAaHO MCIOIb30BaHUE
nrdpoBoit 1adboparopun).

N3ydyeHune n30xopHOro Impoiecca.

N3yuenune nzobapHOro mnporecca.



[IpoBepka ypaBHEHHS COCTOSIHUS.

Tema 2. Tepmoounamuxa. Tennoevie mawiunui.

Tepmonunamuyeckass (TJl) cucrema. 3agaHue BHEUIHUX YCJIOBHM st
TEPMOJANHAMUYECKON cucTeMbl. BHenHue u BHyTpeHHUE napaMmeTpsl. [lapaMmerpsl
TEPMOJUHAMHUYECKON CUCTEMbI KAK CpPEIHHE 3HAYEHUSI BEJIMYMH, OMHCHIBAIOIINX
€€ COCTOSIHME Ha MUKPOCKOIIMYECKOM YPOBHE.

HyneBoe Hawano TtepmoauHamMuku. (CamMonpou3BOJIbHAs — pelakcanus
TEPMOJIUHAMHUYECKOW CUCTEMBI K TETNIOBOMY PABHOBECHIO.

Mogens uaeaNbHOrO raza B TEPMOAMHAMUKE — CHUCTEMa YpPAaBHECHUU:
ypaBHeHHEe MeHnneneeBa—KianelipoHa U BBIPAKEHUE U1 BHYTPEHHEW JHEPTUH.
VY ciioBus NIPUMEHUMOCTH 3TOM MOJEU: HU3KAas KOHLIEHTPALMsS 4acCTHIl, BBICOKUE
TeMIepaTypsl. BelpaxkeHue sl BHYTPEHHEW YHEPIUU OJJHOATOMHOIO HJIEATBHOTO
rasa.

KBasucrarnueckue u HECTaTUUECKHUE MPOLIECCHI.

OnemeHTapHas paboTa B TepMOAMHAMUKe. Beraucienue paboTsl mo rpaduxy
npoiiecca Ha pPV-auarpamme.

Temmonepenaya  kak  cnocod  M3MEHEHUS  BHYTPEHHEH  SHEpPruu
TEPMOJMHAMUYECKOM  CUCTEeMbl 0e3  coBepuieHuss paboTel. KoHBekius,
TEIIONPOBOAHOCTD, U3IyYEHNE.

KomnuectBo Temnorel. TermmoéMKocTh Tena. YAenbHas W MOJSIpHAs
TEIJIOEMKOCTH BelllecTBAa. YpaBHeHHME Maliepa. YnenpHas TeioTa CropaHus
ToruiiBa. Pacy€r KonmmyecTBa TEIUIOTHI Tpu Teruionepenade. [lonstue 00
aguabaTHOM IIpoIiecce.

[lepBbiii 3akOH TepMOAMHAMHMKH. BHyTpeHHsss »sHeprus. KommuecTBo
TEIJIOTHI W paboTa Kak Mephl  M3MEHEHHsS  BHYTPEHHEH  DHEpruu
TEPMOJANHAMHYECKON CUCTEMBI.

Bropoli 3akOH TEPMOAWHAMHUKH JUJII PAaBHOBECHBIX MPOLIECCOB: YEPE3
3aIaHHOE€ PABHOBECHOE COCTOSHHUE TEPMOJMHAMUYECKOW CHCTEMBI ITPOXOAUT
eAMHCTBEHHAs aanadara. AGCOMOTHAS TeMIepaTypa.

BTtopoii 3aKOH TEpPMOAMHAMHUKM JUII  HEPABHOBECHBIX  IPOLECCOB:
HEBO3MOXKHO TEpeaTh TEIJIOTY OT 0oJiee XOJIOAHOro Tela K 0oJiee HarpeToMmy 0e3
komneHcanuu (Knaysuyc). HeoOpaTuMocTh mpupoaHBIX MPOIIECCOB.

[Tpunnune! neictus TerioBbix MamuH. KIIT/I.

MaxkcumansHoe 3Hauenue KII. [Huxna Kapno.

DKOJOTHUYECKHE ACIEKThl MCIOJb30BAaHUS TEIJIOBBIX ABUTrATeser. TerioBoe
3arpsA3HEHUE OKPYKAIOLIEH CPEbL.

TexHuueckne yCTpOMCTBA M TEXHOJOTMYECKHE MPOLECCHL: XOJOAWIbHHUK,
KOHJIUIIMOHEP, AW3EIbHBIMN W KapOIOpaTOpHBIM JBUrarelid, mapoBas TypOuHa,
MOJIyYCHUE CBEPXHU3KHX TEMIIEPATYp, YTWIM3ALUUS «TEIUIOBBIX» OTXOIOB C



UCIOJIb30BAaHUEM TEIJIOBOI'O HACOCA, YTUIIU3AIMS OMOOPraHUYECKOro TOIUIUBA IS
BBIPA0OTKHU «TETIOBOI» U 3JIEKTPOIHEPTUH.

Hemoncmpayuu.

W3MeHeHue TeMieparypbl Ipy aInadaTUYECKOM PaCITUPEHUH.

Bo3nymHoe orauso.

CpaBHEHUE yIEIIBHBIX TEIJIOEMKOCTEN BEILIECTB.

CriocoObl U3MEHEHUs! BHYTPEHHEH 3HEPTUu.

HccnenoBanue aguabdaTHOro mpoiiecca.

KomrbrorepHble MOIENN TEMIOBBIX ABUTATEIIEH.

Yuenuueckuit sxcnepumenm, nadopamopnuie padomot, NPAKMUKYM.

N3mepenune ynenbHON TeIIOEMKOCTH.

HccnenoBanne nponecca OCTHIBAHKS BELIECTBA.

HccnenoBanue aguabaTHOro mpoiecca.

N3ydyeHne B3aMMOCBA3M SHEPIMU MEXMOJEKYIAPHOIO B3aHMMOJEWUCTBHS H
TEMIIEPATYPHI KATICHUS HKUJIKOCTEM.

Tema 3. Acpecamnvie cocmoanusn eeuecmea. DPazoevie nepexoobnl.

[lapooOpazoBanue u KoHjeHcamusi. McmapeHwe © KumeHue. Y jenbHas
TEII0Ta mapooOpa3oBaHUsl.

HacpiienHble ©W  HeHachbllleHHble mapbl. KadecTBeHHass 3aBUCHUMOCTD
IJIOTHOCTU WM JAaBJICHUSI HACBIIIEHHOIO Mapa OT TeMIepaTypbl, UX HE3aBUCUMOCTb
0T 00bEMa HACBIILIEHHOTO Mapa. 3aBUCUMOCTb TEMIIEPATYPbI KUIIEHUS OT AaBJICHUS
B KUJIKOCTH.

BnaxHocTh Bo3ayxa. AOCONMIOTHAS U OTHOCUTEJIbHAS BIAXKHOCTb.

Teépnoe teno. Kpucramnuueckue u amopdHbie Tena. AHU30TPOIHUS CBOMCTB
KpuctauioB. [lnaBieHue u KpUCTaUIM3alMs. YJeabHas TEIUIOTa IJIABJICHHUS.
Cyb6naumanusi.

Jedopmanmu tBEpHOrO Tenma. Pactspkenne u cxxarue. Casur. Moayns FOHra.
[Ipenen ynpyrux nedopmarmii.

TerutoBoe pacmmpeHre KUJIKOCTeH U TBEPABIX T, 00bEMHOE M JIMHEHHOE
pacimupeHue. AHrapMOHU3M TEIUIOBBIX KOJIEOAHUI YacTHIL BEIIECTBA KaK MPUYNHA
TEIJIOBOTO PacIIMpPEeHus Tel (Ha KaUeCTBEHHOM YPOBHE).

[IpeobpazoBanue 3HEPruu B (Pa30BBIX NEPEXOAAX.

VYpaBHeHue TeroBoro OanaHca.

[ToBepxHocTHOe HaTspkeHHe. Kod(ppuiueHT MmOBEpXHOCTHOT'O HATSKEHUS.
Kanunnspusle siBneHus. JlaBneHue moa UCKPUBIEHHON MOBEPXHOCTHIO JKUJIKOCTH.
®opmyna Jlamnaca.

TexHuueckue yCTpOWCTBA M  TEXHOJOTMYECKHME MPOLECCHL:  JKHUJKUE
KPHUCTAJLJIbI, COBPEMEHHBIE MaTEpUaIbI.

Hemoncmpayuu.



TemoBoe pacimpeHue.

CBoiicTBa HACHIIIEHHBIX MAPOB.

Kunienune. Kunenue nmpy noHM>XEHHOM J1aBJICHUH.

N3mepeHue cuibl MOBEPXHOCTHOT'O HATSIKEHUS.

OMNBITHI C MBUTBHBIMY TUIEHKAMHU.

CmauuBaHue.

KanumisipHsle siBIeHUS.

Monenu HEeHbIOTOHOBCKOM KM IKOCTH.

CriocoObI 3MepeHus BIaKHOCTH.

HccnenoBanre HarpeBaHus U MJIABJICHUS] KPUCTAITTMYECKOT O BEILIECTBA.

Bune! nedopmaruii.

Habmronenne manbix nedopmariuii.

Yuenuueckuii sxcnepumenm, nadopamopnuie padomot, NPAKMUKYM.

N3y4yeHne 3aKOHOMEPHOCTEN UCTIAPEHUS KUIKOCTEMN.

N3Mmepenue ynenbHON TEIUIOTHI TUIABIEHUS JIb/A.

N3y4yeHne CBOWCTB HACBIEHHBIX MAPOB.

N3mepenne aOCONMIOTHOM BIQKHOCTH BO3JlyXa M OL€HKAa Macchl NapoB B
IIOMEILCHHH.

N3mepenue kodrpduiieHTa HOBEpXHOCTHOTO HATSIKEHUS.

N3mepenue moaynsa FOHra.

HccnenoBanue 3aBUCUMOCTH  JedopMmaliid  pe3ruHOBOro obOpasua ot
IIPUJIOKEHHON K HEMY CHJIBI.

Paznen 4. JiekTpoauHaMuKa.

Tema 1. Inekmpuueckoe no.e.

OnekTpuzanus Tel U €€ MposABJICHUA. DJEeKTpuueckuil 3apsia. J(Ba Buaa
AJEKTPUYECKUX 3apsaoB. [IpOBONHMKHM, [HUAJIEKTPUKA U  TOJYNPOBOJHUKHU.
DneMEeHTapHbId JJIEKTPUYECKUA 3apsA]l. 3aKOH COXpPAHEHUS AJIEKTPUYECKOIO
3apsna.

B3anmoneiictBue 3apanoB. Toueunsie 3apsabl. 3akoH KynoHa.

Onektpuueckoe nose. Ero neiicTBre Ha 31EKTPUUECKUE 3apsiibl.

HanpspbkéHHocTh  anekTpuueckoro  mojiss.  [lpoOnbiid  3apsin.  JluHum
HaIpPsKEHHOCTH JIEKTPAYECKOT0 Nosl. OHOPOAHOE DIIEKTPUUECKOE TIOJIE.

[IoTeHIMAIBHOCTh 3JIEKTPOCTATUYECKOr0 MOJsA. Pa3HOCTh MOTEHLIMAIOB H
HanpsbkeHue. [loTeHumanbHas SHEprus 3apsaa B JJIEKTPOCTATUYECKOM MOJIE.
[ToTeHmman snekTpocTaTudeckoro nojsi. CBsi3b HANPSHKEHHOCTU TOJSI U Pa3HOCTH
MOTCHIIMAJIOB JUIA  DJIEKTPOCTATHYECKOro ToJisi (Kak OJHOPOIHOTO, Tak W
HEOJHOPOIHOT0).

[IpuHIMT CyNepno3uLUU FNEKTPUUECKUX MOJIEH.



[Tone Toueunoro 3apsima. I[lone paBHOMepHO 3apsikeHHON cdepnl. [lone
PaBHOMEPHO 3apsiKEHHOro 1Mo o0nEéMY mapa. [lone paBHOMEpHO 3apsKEHHON
OECKOHEYHOM IUIOCKOCTU. KapTuHbl JMHUN HanpsyKEHHOCTHM 3THX TOJEH H
SKBUIIOTEHIHAIbHBIX TOBEPXHOCTEM.

[IpOBOIHUKH B DIEKTPOCTATHYECKOM ITOJIE. Y CIIOBUE PABHOBECHUS 3apSA0B.

JAvsnexkTpuku B DJIGKTPOCTAaTUYECKOM  TIOJE. Jusnexkrpruueckas
IIPOHMIIAEMOCTh BEILIECTBA.

Konnencarop. DneKTpo€MKOCTh KOHAEHCATOPA. DJAEKTPOEMKOCTD IIIOCKOTO
KOHJEHCaTopa.

[TapannenbHOE coeMHEHNE KOHIEHCATOPOB. [locnenoBarenbHoe COeTMHEHNE
KOH/JIEHCATOPOB.

DHeprus 3apsHLKEHHOr0 KOHJIEHCATopa.

JIBr>KeHUE 3apsyKEHHOW YaCTHIIBI B OTHOPOJHOM 3JIEKTPUUYECKOM ITOJIE.

TexHnueckne yCTpOMCTBA M TEXHOJIOTHYECKUE IPOLECCHL: AJIEKTPOCKOIL,
AIEKTPOMETpP, DIEKTpOCTaTUYECKass 3allluTa, 3a3eMJICHHE DJIEKTPOIpUOOpOB,
KOHJIeHCaTophl, reneparop Bau ne ['paada.

Hemoncmpayuu.

Y CTpOUCTBO Y MPUHIUI AEHCTBUS 3JIEKTPOMETPA.

DNEKTPUUECKOE MMOJIE 3aPSKEHHBIX IIAPUKOB.

DIIEKTPUUECKOE MOJIE IBYX 3aPSKEHHBIX TIACTHH.

Mogens a5iekTpocTaruueckoro reueparopa (Baun ne ['paada).

[TpoBOAHUKH B NEKTPUUECKOM IOJIE.

DJeKTpocTaTuuecKas 3amuTa.

Y CTpOUCTBO M IEMCTBUE KOHIEHCATOPA ITOCTOSHHOW U TIEPEMEHHOU EMKOCTH.

3aBUCHUMOCTh  JJIEKTPOEMKOCTH IIJIOCKOIO KOHJIEHCaTopa OT  IUIOIIAIH
IJIACTUH, PACCTOSHUS MEXKIY HUMH U TUJIEKTPUYECKOW MPOHUILIAEMOCTH.

DHeprus 3JIEKTPUYECKOT0 NOJIS 3apsyKEHHOI0 KOHJAEHCATOopa.

3apsnKa 1 pa3psaKka KOHJIEHCATOpa Yepe3 pe3UucTop.

Yuenuueckuit sxcnepumenm, nadopamopnuie padomot, NPAKMUKYM.

OneHka cui B3auMOJEHCTBUS 3apSyKEHHBIX TEJ.

HaGmonenue npeBpanieHus SHEpruu 3apsiKEHHOr0 KOHAEHCAaTOpa B YHEPTHUIO
W3JIy4EHUSI CBETOIHOMA.

N3y4yeHne npoTekaHus TOKA B LIENHU, COAECPKAILEN KOHIAEHCATOP.

Pacnipenenenue pa3HOCTH MMOTEHIIUAJIOB (HampsKEHUS) npu
IIOCJIETIOBATEIBHOM COCIMHEHUN KOHJIEHCATOPOB.

HccnenoBanue paspsana KOHACHCATOPA Yepe3 pe3UucTop.

Tema 2. Ilocmoannulil 31eKmMpuiecKuii mok.

Cuna Toka. [TocTOSIHHBIN TOK.



VenoBus CyIIECTBOBAHMS MOCTOSHHOIO 3JIEKTPUYECKOrO TOKa. MCTOUHMKH
toka. Hanpsoxenne U u DJIC &.

3akoH Oma aJisl yyacTKa LeTu.

DNeKTpU4ecKoe CONPOTHUBJICHUE. 3aBUCUMOCTh COTIPOTHUBIICHUS
OJIHOPOJIHOT'O TPOBOAHUKA OT €ro MJWHBI M IUIOMIAJA MONEPEYHOrO CEUCHHS.
VY nenbHOE CONMPOTUBIIEHUE BEILIECTBA.

[TocnenoBarenbHOE, MAPAIIIEIBHOE, CMEIIAHHOE COEIMHEHUE MPOBOIHHUKOB.
Pacuér pa3BeTBnéHHBIX dekTprueckux nemnei. [Ipasuna Kupxroda.

Pabora snextpuueckoro Toka. 3akon [xoyns—JIenna.

MONIIHOCTh 3JIEKTPUYECKOrO TOKa. TeraoBas MOUIHOCTh, BbIAENIsIeMas Ha
pe3ucrope.

OJIC u BHyYTpEeHHEE COMPOTHUBJIICHHME HMCTOYHHMKAa ToOKa. 3akoH Owma s
MOJHOW (3aMKHYTOM) SJIGKTPUYECKON 1enu. MOIIHOCTh MCTOYHHMKA TOKa.
KopoTtkoe 3ambikanue.

KoHnziencatop B 11enu NOCTOSHHOTO TOKA.

TexHnueckne yCTpPOWCTBA M TEXHOJIOTMYECKHE TIPOLECCH: aMIEPMETP,
BOJITMETP, PEOCTAT, CYETYUK DIICKTPUUECKON IHEPTUH.

Hemoncmpayuu.

N3MmepeHue cuibl TOKa U HAIIPSIAKEHUS.

HccnenoBanue 3aBUCMMOCTU CHUJIbI TOKAa OT HANpPsKEHUS ISl PE3UCTOPA,
JIaMIIbl HAKAJIMBAaHUSA U CBETOAMO/IA.

3aBUCUMOCTh COMPOTUBICHUS HMWIMHAPUUECKUX MPOBOJHUKOB OT JJIMHBI,
IJIOILIAIY [TONIEPEYHOr0 CEYEHUS U MaTepHaia.

HccnegoBanue 3aBUCUMOCTH CHIIBI TOKA OT COIMPOTHUBIICHUS MPU MOCTOSTHHOM
HaIPSKEHUH.

[Ipsimoe nzmepenune D/1C. KopoTkoe 3aMblkaHH€e rajlbBAHUYECKOTO JIEMEHTA
Y OLIEHKA BHYTPEHHETO CONPOTHUBIICHUS.

Crioco6bl coeIMHeHHsI ICTOYHUKOB Toka, DJIC Oarapei.

HccnegoBanue pa3HOCTH MOTEHIUATIOB MEXAY IMOJIOCAMU HCTOYHUKA TOKA
OT CHJIBI TOKA B LIETIH.

Yuenuueckuii sxcnepumenm, nadbopamopmsie padomol, nPAKMUKyMm.

HccnegoBanne CMEMIAaHHOTO COEUHEHHS PE3UCTOPOB.

N3mepeHue yneabHOro COnpoTUBICHUS TPOBOTHUKOB.

HccnegoBanue 3aBUCUMOCTHM CHJIBI TOKA OT HaOpsDKEHUS JJIS  JIAMITBI
HaKaJIMBaHUA.

VYBenuuenue npejena u3MEpPeHus: aMmrnepMeTpa (BoJIbTMETPA).

N3mepenne D/IC 1 BHYTPEHHETO CONPOTUBIICHUS UCTOYHHKA TOKA.

Uccnenoranue 3aBucumoctd 3J[C raapBaHMYECKOro 3JE€MEHTa OT BpPEeMEHU
IPU KOPOTKOM 3aMbIKaHUU.



HccnenoBaHne pa3HOCTH MOTEHUHUATIOB MEXAY IMOJIOCAMU HCTOYHHUKA TOKA
OT CWJIBI TOKA B LIETIH.

HccnenoBanne 3aBUCHMOCTH TMOJIE3HOW MOIIHOCTH MCTOYHUKA TOKA OT CHJIBI
TOKA.

Tema 3. Toxku 6 pa3nuuHslx cpeoax.

DneKkTpudeckass MNpPOBOAMMOCTb  PA3JIMYHBIX  BEHIECTB.  JJIEKTPOHHAas
IPOBOJAMMOCTD TBEPABIX METALIOB. 3aBUCUMOCTb CONPOTHUBIICHHUS METAJUIOB OT
TeMrneparypbl. CBEpXIPOBOIUMOCTb.

DneKkTpu4ecKuil TOK B Bakyyme. CBOMCTBA 3JIEKTPOHHBIX MTyYKOB.

ITonynpoBogHUKMU. CobOcTBeHHas u IIPUMECHas IIPOBOAUMOCTD
MOJIypOBOAHUKOB. CBoiicTBa p—N-nepexoa. [1orynpoBogHUKOBBIE TPHUOOPBI.

DNEKTPUYECKUI TOK B AJEKTPOIHUTAX. DJIEKTPOIUTHYECKAS JUCCOLMALIUS.
OnekTponus. 3akonsl apanes 1y AIEKTPOIn3a.

OnekTpuueckuid TOK B ra3ax. CaMOCTOSITENbHBIH M HECAMOCTOSATEIbHBIN
paspsan. Paznuunble TUIIBI caMOCTOATENBHOTO paspsiaa. Monuus. 1lnazma.

TexHnueckne yCTpOMCTBA M NPAKTUYECKOE NPUMEHEHME: Tra3opaspsiIHbIC
JaMIbl, 3JIEKTPOHHO-Ty4YeBas TpyOKa, MOJYyIPOBOAHUKOBBIE MNPUOOPHL: U0/,
TPaH3UCTOpP, (POTOAMON, CBETOAMOMA, TalbBaHUKA, paQUHUPOBAHUE MEIH,
BBIIIJIABKA AJFOMHUHUS, YJIEKTPOHHAS MUKPOCKOIIHS.

Hemoncmpayuu.

3aBUCHUMOCTb COIPOTUBIICHHS] METAJUIOB OT TEMIIEPATYPHI.

IIpoBOAUMOCTE AJIEKTPOJIUTOB.

3akoHsl 3nekTpoaun3a dapanes.

HckpoBont paspsia ¥ MPOBOAMMOCTD BO3yXa.

CpaBHEHHE TPOBOAMMOCTH METAJIOB U TIOJYIIPOBOAHUKOB.

OnHOCTOPOHHSASI TPOBOAUMOCTD THOAA.

Yuenuueckuit sxcnepumenm, nadbopamopnsie padbomul, nPaKmMuKym.

Habmronenue snektposmsa.

N3mepenue 3apsiia OJHOBAJIEHTHOTO HOHA.

HccnenoBanne  3aBUCUMOCTH  COIIPOTHBIIEHMS ~ TEPMOpPE3HUCTOpPA  OT
TEMIEPATYPHI.

CHsiTHEe BONBT-aMIIEPHON XapaKTEPUCTUKU JUOJA.

Pu3n4ecKuH NPaAKTUKYM.

Crioco0bl n3MepeHHst PU3NYECKUX BEIMUYHUH C UCIOJIb30BAHUEM aHAJIOIOBBIX
U IUQPPOBBIX U3MEPUTEIBbHBIX MTPUOOPOB U KOMIBIOTEPHBIX JATYUKOBBIX CHCTEM.
AOCONIOTHBIE U OTHOCUTEJIbHBIE MOTPEIIHOCTH U3MEPEHUN (PU3NUYECKUX BEITMYUH.
OneHka rpaHul NOrpenIHOCTEN.

[IpoBeneHne KOCBEHHBIX HM3MEPEHUM, MCCIECIOBAHUNA  3aBUCUMOCTEM
dbu3nuecknx BEIMYMH, MPOBEPKAa NPEIJIOKEHHBIX TUIOTE3 (BBIOOP W3 PadoT,



OMMCAHHBIX B  TEMaTHYECKUX  pa3fenax «YUYEHUYECKUH  IKCIIEPUMEHT,
nabopaTtopHbie pabOThI, MPAKTUKYM).

Me:knpeamMeTHble CBSI3H.

N3yuenne kypca ¢usuku yriayonéHHoro ypoBHs B 10 kiacce
OCYHIECTBIIIETCS C YUETOM COJEPKATEIBHBIX MEKIIPEAMETHBIX CBA3EH C KypcaMHu
MaTeMaTUKH, OMOJIOTUH, XUMUH, Feorpadpuu ¥ TEXHOJIOTUH.

Mesicnpeomemuoie nOHAMUA, C6A3AHHbBIE C U3YYCHUEM MEMOO008 HAYUHO20
nO3HAHUA: SBJICHWUE, HAYYHBIH (aKT, THIOTE3a, (U3NYecKas BETMYMHA, 3aKOH,
TEOpHsi, HaOJIOJIEHUE, SKCIEPUMEHT, MOJACIUPOBAHHE, MOJIENb, W3MEpPEHUE,
MOTPENTHOCTH U3MEPEHUM, U3MEPUTEIbHBIE TPUOOPHI, Kb poBas JadbopaTropus.

Mamemamuka: peuieHue CcUCTeMbl ypaBHeHui. JluneiiHas ¢yHKIuS,
napabona, runepOona, uX rpaguku U cBoWcTBA. TpuUroHOMeTpruUYecKrue (QyHKIUH:
CUHYC, KOCUHYC, TAHT'€HC, KOTAaHT'€HC, OCHOBHOE TPUTOHOMETPHUYECKOE TOXKAECTBO.
BekTopbl 1 BX IPOEKIIMU Ha OCH KOOPAUHAT, CII0KEHUE BEKTOPOB.

buonocusa: Mmexanudeckoe JABMKEHHUE B KUBOU mpupoae, nuddysus, ocMmoc,
TETUIOOOMEH >KMBBIX OPraHW3MOB, TEIJIOBOE 3arpsi3HEHUE OKPYKAIOIIEH Cpeibl,
yTUIU3aIUsl OMOOPraHMYECKOTO TOIUIMBA [Js1 BBIPAOOTKH  «TEIUIOBOW» |
AJIEKTPOIHEPTUH, TIOBEPXHOCTHOE HATSHKEHNUE U KallWJUIIPHbIE SIBJICHUS B IPUPO/IE,
AIEKTPUYECKHE SBICHUS B )KHBOU MIPHPO/IE.

Xumuna: TUCKPETHOE CTPOCHME BEILECTBA, CTPOEHUE aTOMOB M MOJIEKYIL,
MOJIb BEILECTBAa, MOJSIpHAs Macca, IMOJy4YeHHE HAHOMAaTepUaloB, TEIJIOBbIE
CBOWCTBA TBEPIBIX TEN, KUIAKOCTEH U Ta30B, )KUJKHE KPUCTAILIbI, SIEKTPUUECKHE
CBOWCTBA METAJVIOB, AJIEKTPOJIMTUUECKAs AUCCOLMAIIMS, TaJIbBAHUKA, SJICKTPOHHAS
MUKPOCKOTTHSI.

T'eozpagpus: BIaXXHOCTH BO3AyXa, BETPHI, 0APOMETP, TEPMOMETP.

Texnonozua: npeoOpa3zoBaHUE JABMXEHUIH C MCHOJIb30BAHUEM MEXAHU3MOB,
y4€T CyXOro M OKUAKOTO TPEHUS B TEXHUKE, CTAaTUYECKHE KOHCTPYKIUU
(KpOHILTEHH, pemeéTdyarble KOHCTPYKIMHU), MCIOIb30BaHHE 3aKOHOB COXpaHEHUS
MEXaHUKHA B TEXHUKE (TMPOCKON, BOAOMET W JAPYrue), JBUraTelb BHYTPEHHETO
CropaHusi, mapoBasi TypOrHa, OBITOBON XOJOAMIBHUK, KOHJIUIIMOHEP, TEXHOJIOTHH
MOJIYYCHUSI COBPEMEHHBIX MaTepuajioB, B TOM YHUCJIE HAaHOMAaTepHalloB, H
HAaHOTEXHOJIOTMH, 3JIEKTPOCTAaTUYECKas 3alluTa, 3a3eMJICHUE SJIEKTPOIPUOOpOB,
ra3opaspsaHbIe JIAMIIBI, TOTYIPOBOJHUKOBBIEC MTPHOOPHI, TAIbBAHHUKA.

11 KJIACC

Paznen 4. dinekrpoanuHaMuka

Tema 3.2. Maznummnoe none. InNeKMpoOMacHUMHAA UHOYKUUA

ITocrossHHbIE ~ MarHuThl.  B3auMOIEWCTBHE  NOCTOSHHBIX ~ MAarHUTOB.
MarautHoe mnosne. Bexkrop MarHuTHOM wuHAYKUMU. [lpuHOMn cynepno3unuu



MAarHUTHBIX MoJjied. JIMHMUM MarHUTHOM WHAyKUMH. KapThHa JIWMHUA MarHUTHOM
VHYKIUH [10JIS1 IOCTOSIHHBIX MarHUTOB.

MarauTHOe TIOJ€ TPOBOAHMKA C TOKOM. KapThHa NWHWN WHIYKIUU
MAarHUTHOI'O TOJISI JJIMHHOIO IPSAMOTO MPOBOJHUKA U 3aMKHYTOI'O KOJBLEBOIO
IIPOBOJIHHKA, KaTyIIKK ¢ TOKOM. OnbIT Opcrena. BzauMoaencTesue NpoBOJHUKOB C
TOKOM.

Cuiia Amniepa, €€ MOyJIb U HallpaBJICHHE.

Cuna JlopeHiia, €€ MOyJib U HaIlpaBJICHUE. [[BUKEHHE 3apsiKEHHOW YaCTHUILIbI
B OJTHOPOJTHOM MarHuTHOM Ione. PaGora cuiel Jlopenta.

SIBiieHME DJIEKTPOMArHUTHOM MHAYKUMU. IlOoTOK BekTOpa MarHUTHOU
WHIYKUUU. OJIEKTPOJABIKYIIAS CHJIA MHAYKIUUA. 3aKOH HIIEKTPOMArHUTHOM
nHaykuuu Papanest.

BuxpeBoe »3nekTpuyeckoe mnojie. DNEKTPOABMKYIIAS CHJIA WHIYKIUH B
MPOBOJAHUKE, IBUKYIIEMCS TOCTYNATEIBHO B OAHOPOTHOM MAarHUTHOM M OJI€.

ITpaswuiio Jlenua.

NHAYKTUBHOCTh.  SIBIEHWE CaMOMHAYKIMH. OJEKTPOJABIKYILAs  CHIIA
CaMOMHIYKIIHH.

DHeprus MarHUTHOTO TOJISI KaTYIIKU C TOKOM.

DJIEKTPOMArHUuTHOE TOJIE.

TexHuyeckne yCTpOWCTBA M IPAKTUYECKOE TMPHUMEHEHHUE: IOCTOSHHBIE
MArHUThl, BJEKTPOMArHUTHI, JJIEKTPOABUTATENb, YCKOPUTEIU 3JIEMEHTApPHBIX
YaCTHL], UHIYKIIUOHHAS TI€Yb.

Jlemoncmpayuu

OnbIT Dpcrena.

OTKJIOHEHHE JIEKTPOHHOIO MyYKa MAarHUTHBIM IOJIEM.

JIMHUM MHAYKIMA MAarHUTHOTO T1OJISL.

B3anmonencTBue AByX NPOBOJHUKOB C TOKOM.

Cunia Amnepa.

JencrBue cuibl JIopeHiia Ha HOHBI AJIEKTPOJIUTA.

SIBiIeHME PNEKTPOMArHUTHOW UHIYKIIUH.

ITpaswuiio Jlenua.

3aBUCUMOCTb JJIEKTPOABIIKYILEH CUJIbI MHIYKIIMM OT CKOPOCTH WU3MEHECHMS
MarHuTHOTO MOTOKA.

SIBiieHMEe CaMOMHYKIINU.

Yuenuueckuii osxcnepumenm, nabopamopnule pabonul

N3yuenne MarHuTHOrO NoJIsi KaTYIIKHA C TOKOM.

HccnenoBanue neicTBUS MOCTOSIHHOIO MarHUTa Ha PaMKy C TOKOM.

HccnenoBanue siBIEHUS 3JIEKTPOMArHUTHOW MHIYKIIUH.

Pasnea 5. Kosie0anus 1 BOJHBI



Tema 1. Mexanuueckue u 31eKmpoMazHUmMHbLE KON€OAHUA

KonebGarenprhnass  cuctema. CBOOOJHBIE  MEXaHWYECKHE  KojeOaHUs.
IMapmonunueckue kosiebanusi. Ilepuon, yactora, ammmnTyna U (aza KoneOaHUH.
[IpyxvHHBIN MasTHUK. MareMaTu4eCKui MasiTHUK. YPaBHEHUE TapMOHUYECKUX
kosebanuit. [IpeBpalenre SHepruu Mpu rapMOHUYECKUX KOJICOaHUSX.

KonebGarensubiii  koHTYp. CBOOOAHBIC JJIEKTPOMArHUTHBIC KOJIEOAaHUS B
UCIbHOM KOJEOATeIbHOM KOHTYpE. AHAJOTHUA MEXIY MEXaHHUYEeCKUMHU U
AIEKTPOMAarHUTHBIMU KosieOanusiMu. @Popmyna Tomcona. 3akoH COXpaHEHUS
SHEPTUU B UJI€aJTHHOM KOJIEOATEIIbHOM KOHTYPE.

[IpeacraBnenue o 3aTyxaronux KojaeOaHusx. BeIHYXIeHHbIE MEXaHUUECKUe
kosneOanus. Pezonanc. BeiHy)eHHBIC 3JIEKTPOMArHUTHBIE KOJICOaHMS.

[lepemenHblii TOk. CHHyCOMAAQNbHBIA IEPEMEHHBIM TOK. MOIIHOCTH
NEPEMEHHOIO0 TOKa. AMIUIMTYJHOE M JEHUCTBYIOLIEE 3HAYEHUE CHJIBI TOKa H
HaIpsHKEHUS.

Tpancdopmarop. [IpousBoncTBo, nepenaya U NOTpedIICHUE AIEKTPUUECKON
SHEPrur. DKOJIOTMYECKHE PUCKH NPH MPOU3BOACTBE 3JIEKTpodHepruu. KymnbTypa
WCIIOIb30BaHUs AJIEKTPOIHEPT UM B TTIOBCETHEBHOM JKU3HU.

TexHnueckne yCTpONCTBA M NPAKTHUYECKOE IPUMEHEHHE: 3JIEKTPUUECKUU
3BOHOK, T€HEPATOP MEPEMEHHOI0 TOKA, JIMHUH 3JIEKTpOIepeaay.

Jlemoncmpayuu

HccnenoBanue mapaMeTpoB KoOJI€OATETbHOM CUCTEMBI (MPYKUHHBIA HIIA
MaTeMaTUYECKUM MasiTHHK).

HaOmronenue 3aryxaromux KoJieOaHui.

HccnenoBanue CBOMCTB BBIHYKAECHHBIX KOJICOAHUIA.

Hab6mronenne pe3onanca.

CBOOO/IHBIE 2JIEKTPOMArHUTHbIE KOJIEOAHMUS.

OcuuiorpaMmbl (3aBUCUMOCTH CUJIBI TOKA U HANPSDKEHUSI OT BPEMEHH ) ISl
AJIEKTPOMArHUTHBIX KOJICOAHMIA.

Pe3oHaHC mpu MOCIEOOBATEIbHOM COCIMHEHUM PE3UCTOPA, KATYIIKU
WHJIYKTUBHOCTH U KOHJIEHCATOPA.

Mogenb TUHUYU 3AEKTPONEepeIadn.

Yuenuueckuii oxcnepumenm, rabopamopnule padonul

HccnenoBanrue 3aBUCUMOCTH MEPUOAA MalbIX KOJIEOAHHWM Ipy3a HAa HUTH OT
JUIMHBI HUTU U MacChl Tpy3a.

HccnenoBanue TEpeMEHHOr0 TOKAa B LENM M3  MOCIEI0BaTEIbHO
COCIMHEHHBIX KOHAEHCATOPA, KaTYILKU U PE3UCTOPA.

Tema 2. Mexanuueckue u 31eKmpoMAZHUMHbLE G0JIHbL



MexaHnnueckue BOJIHBI, ycJIOBHS pacnpocTpaHeHusd. llepuon. CkopocTb
pacnpocTpaHeHus U JJuHa BOJHBL. [lomepeuHble W MPOJOJIBHBIE BOJIHBL
WNuTtepdpepenius u audpakiuns MEXaHUIECKUX BOJIH.

3Byk. CkopocTb 3ByKa. [ pomkocTh 3Byka. Beicora Tona. TeMOp 3ByKa.

DJNIEKTPOMAarHUTHBIC BOJIHBL. Y CJIOBHSI M3JyYEHHUS DJEKTPOMArHUTHBIX BOJIH.
B3aumuas opuenrtanust BektopoB E, B, V B anexkrpomarautHoi BosnHe. CBoOCTBA
AJIEKTPOMArHUTHBIX BOJIH: OTPAXEHHUE, MPEJIOMIICHHUE, MOJIApU3aIus, TUPpaKiius,
unTepdeperrs. CKOpoCTh 3JIEKTPOMArHUTHBIX BOJIH.

[[lkana 37EKTPOMAarHUTHBIX BOJIH. [[puMeHEHUE 3JIEKTPOMAarHUTHBIX BOJIH B
TEXHUKE U OBITY.

IIpuHIMIBI paguOCBA3U U TeNeBUACHUS. Pannonokanus.

DJIEKTPOMArHUTHOE 3arpsi3HEHUE OKPYKAIOIIEH CPEbl.

TexHnueckne yCTpOMCTBA M MNPAKTUYECKOE NPUMEHEHHE: MY3bIKalIbHbIE
WHCTPYMEHTHI, YAbTPa3BYKOBas IUArHOCTHMKA B TEXHUKE M MEAMIIMHE, pajaap,
paaroNpUEMHUK, TEIEBU30D, aHTeHHa, TeedoH, CBY-neus.

Jlemoncmpayuu

OOpa3oBaHue U pacIpPOCTPAHEHUE TONEPEUHBIX U MPOJAOIBHBIX BOJH.

Konebumomeecs Teno Kak HCTOYHUK 3BYKA.

HaGmronenre oTpakeHus U MPETOMIIEHUSI MEXaHUYECKUX BOJIH.

Ha6monenne natepdepeniinu u qudpakini MEXaHUIECKUX BOJIH.

3BYKOBOM PE30HAHC.

HaGmronenne cBA3M TPOMKOCTH 3ByKa W BBICOTHI TOHA C aMIUIATYIOW H
9aCTOTOM KOJIeOaHUH.

Hccnenosanue CBOWCTB  JJICKTPOMAarHUTHBIX  BOJIH: OTpaXKEHUE,
IPEJIOMIICHHE, TTOJSIpU3aIus, TUPPaKIUs, UHTEPPEPEHIIUS.

Tema 3. Onmuxa

I'eomerprueckas onrtuka. I[IpgaMonMHENHOE pacopOCTPaHEHUE CBETA B
OIHOpOoAHOM cpene. JIyd cBera. ToueuHBINM UCTOYHHK CBETA.

OTtpaxkeHue cBeTa. 3aKOHBI oTpaxeHusi cBera. [locTtpoeHue n3oOpakeHuil B
IJIOCKOM 3€pKaje.

[Ipenomienue cBeTa. 3aKOHbBI IPEIOMIICHUS CBETA. AOCOTIOTHBIN MTOKa3aTelb
npenomiieHus. llomHoe BHyTpeHHee oTpaxeHue. IIpenenbHBIA yron IMOJHOTO
BHYTPEHHET'0 OTPaKECHHUSI.

Hucnepcus csera. CnoxHblii coctaB Oenoro cBera. LBer.

CobOuparomiue u pacceuBaroniue JuH3bl. ToHkas nuH3a. DokycHoe
paccTossHME W ONTHUYeCKas cuia TOHKOW JuH3bl. [locTpoeHue wn300pakeHuil B
coOuparoumx M pacceuBaromux auH3ax. Gopmyna TOHKOW JTUH3BL. Y BEJIWYEHUE,
JlaBacMoe JIMH30M.

[Ipenensl TPUMEHUMOCTH TEOMETPUYECKON ONTHUKH.



BonnoBas ontuka. WuTtepdepenuns cBera. KorepeHTHble HCTOYHUKHU.
VYcnoBust HaOMIOJAEHUST MAaKCUMYMOB W MHUHHUMYMOB B HHTEp(EepEeHIIHMOHHOM
KapTUHE OT JIBYX CUH(}A3HBIX KOT€PEHTHBIX HCTOYHUKOB.

Hudpakuus cBera. JudpakinuoHHas pemérka. YcCiaoBHE HaOMIOJACHUS
[JIaBHBIX ~MAaKCMMYMOB TIpM MaJCHUM MOHOXPOMAaTHUYECKOro CBeTa Ha
TU(hPaKIUOHHYIO PEIIETKY.

ITonspusanuus ceera.

TexHuyeckue yCTpOMCTBA M IPAKTUYECKOE IPUMEHEHHE: OYKH, JIyna,
doroanmapar, NPOEKIMOHHBIN amnmapar, MHKPOCKOI, TEJIECKOM, BOJIOKOHHAs
ONTHKA, TUPPAKIIUOHHAS pelIETKA, TOJSIPOUI.

Jlemoncmpayuu

[IpssMOnMHEHHOE PACHpPOCTPAaHEHUE, OTPAXKEHHUE U TMPEJIOMIICHUE CBETa.
OnTuyeckue npuoOopBkI.

IlonHoe BHyTpeHHEE OTpakeHue. Monenb CBETOBOA.

HccnenoBanue cBOMCTB U300paKeHU B JIMH3AX.

Mopenu MUKpPOCKOIIa, TEIECKOIA.

Hab6mtonenue uaTepdepeHium cBeTa.

Habmonenue nudpakiuu ceerta.

Hab6mronenue nucnepcuu cBera.

[TonyyeHue criekTpa ¢ MOMOIIbIO PU3MBI.

[Tonydenue criekTpa ¢ MOMOIIbIO AUPPAKIUOHHON PEIIETKY.

Habroienre nmossipusaiiuy cBeTa.

Yuenuueckuui axcnepumenm, rabopamophuie pabomul

N3mepenue nmokasarens MpeJoMIICHUS CTEKIA.

HccnenoBanue cBONMCTB M300paKEHU B JIMH3AX.

HaGmonenue nucriepcuu cBeTa.

Paznen 6. OcHOBBI ClIeNMAJILHOM TEOPUU OTHOCUTEIBHOCTH

I'paHnnBl  NPUMEHHMMOCTM  KJIACCMYECKOM  MexaHukd.  [loctynarsel
CIIEHUAJIBHOW TEOPUH OTHOCUTEIBHOCTU: HWHBAPUAHTHOCTH MOAYJS CKOPOCTH
CBETa B BaAKyyMe, IPUHIIUI OTHOCUTEIBHOCTH DWHINTEHHA.

OTHOCUTENBHOCT OJJHOBPEMEHHOCTH. 3aMEIJICHHE BPEMEHH M COKPAILLCHHUE
JUTAHBI.

DHeprusi 1 UMITYJIbC PEIATUBUCTCKON YaCTHUIIBI.

CBs13b MacChl C JHEPrUEN U UMITYJIbCOM PEISATUBUCTCKOW YaCTHUIIBL. DHEPTUs
IIOKOSI.

Paznen 7. KBanTtoBas pusuka
Tema 1. Dnemenmol K6anmoeoii ONMuUKU



®oronsl. opmyna [lnanka cBa3u sHEeprun HOTOHA C €r0 YaCTOTOU. DHEPrus
U UMITYJIEC (DOTOHA.
OTtkpeiTue u ucciaeaopanue gpororddexra. OnbiTel A. I'. CToneroBa. 3aKOHBI

dororddexra. YpaBuenue DitHmrerHa aa dororddexra. «KpacHas rpaHuiia»
dbotorpdekra.

JaBnenue ceeta. OnbiThl I1. H. JleGenena.

XUMHUYECKOE JIEUCTBUE CBETA.

Texnuueckue ycTpoiicTBa M NPAKTUYECKOE IPUMEHEHHE: (POTOIIEMEHT,
dboToaTUNK, CoTHEUHas Oarapes, CBETOIUOI.

Jlemoncmpayuu

®oTto3((PeKT Ha ycTaHOBKE € IIMHKOBON TIACTUHOM.

HccnenoBanue 3ak0HOB BHENIHETO GoTodddexTa.

CBeronunoy.

ConneuHas Oarapes.

Tema 2. Cmpoenue amoma

Monens atoma Tomcona. OmbiTel Pesepdopma mo paccesHHIO o -4acTHIL.
[Inanerapnas mogens aroma. lloctynater bopa. M3nydenue u morsionieHue
(GOTOHOB TpU TEpexojJie aroMa C OJHOTO YPOBHS DHEPruud Ha Apyrou. Bumsi
criekTpoB. CIEKTp YpOBHEH SHEPrUU aToMa BOJOPO/a.

BosiHOoBBIE cBOMCTBA yacTull. BonHbl ge bpousa. KopnyckyisspHO-BOIHOBOU
yaJli3M.

CHOHTaHHOE U BBIHYXKJIEHHOE U3IIyYEHHUE.

TexHuyeckrue yCTpOMCTBA M NPAKTUYECKOE NPUMEHEHHE: CHEKTPAIbHBIN
aHanu3 (CIEeKTPOCKOIT), JIa3ep, KBAHTOBBIA KOMIIBIOTED.

Jlemoncmpayuu

Mognens onbitTa Pesepdopra.

Omnpenenenue AJIMHBI BOJIHEI J1a3epa.

HaOmronenmne nuHeivaThix CIEKTPOB U3TYUCHHUS.

Jlazep.

Yuenuueckuui osxcnepumenm, rabopamopHule pabomol

Habmroienre TuHeyaToro cuekTpa.

Tema 3. Amomnoe a0po

OKCHEpPUMEHTBI, JOKA3bIBAIOIIKE CJOKHOCTh CTpOeHHUs sapa. OTKphITHE
panunoaktuBHOCTU.  OmnbiTel  Pesepdopna  mo  ompeneneHuro  cocTaBa
paavoakTuBHOro u3nydeHus. CBoiictBa anbda-, Oera-, ramMa-u3Iy4deHHUs.
BiisiHME pagOaKTUBHOCTH HA KUBBIE OpPraHU3MBI.

OtkpeiTHE TIpoTOHA W HeWTpoHa. Hyknonnas monens siapa I'eilizenOepra—
NBanenko. 3apsaa sapa. MaccoBoe uncio siapa. M3oTonsl.



Anba-pacnaa. ODJEKTpPOHHBIM W TO3UTPOHHBIM Oera-pacmaa. [amma-
U3JydeHue. 3aKOH PaJMOAKTUBHOIO pacnaja.

DHeprus CBs3H HYKJIOHOB B siape. AnepHbie cuibl. Jledekt maccsl aapa.

S nepHble peakuuu. JleneHue u cUHTE3 AI€P.

Snepnwiit peaktop. Tepmosimepubiii cuHTe3. [IpoOiieMbl UM TEPCHEKTUBBI
SIEPHOM SHEPreTUKU. DKOJOTUUECKUE aCIIEKTHI SIAEPHON SHEPreTUKHU.

DneMeHTapHble YacTUllbl. OTKPBITHE MO3UTPOHA.

MeTtonbl HaOIOIEHUS U PETHCTPALIMU JIEMEHTApHBIX YaCTHII.

dyHaamMeHTanbHbIC B3aUMOACHCTBHS. ENMHCTBO (pr3ndeckoil KapTUHBI MUDA.

TexHuyeckue ycTpouCTBa U IPAKTUYECKOE NPUMEHEHUE: JO3UMETP, Kamepa
BunbcoHa, siaepHslil peakTop, aroMHasi 6omboa.

Jlemoncmpayuu

CU€TUHK MOHU3UPYIOLIUX YACTULL.

Yuenuueckuii osxcnepumenm, rabopamopnvle padbonul

HccnenoBanue TpekoB YacTHIL (110 TOTOBBIM GoTorpadusim).

Pa3zgen 8. DiieMeHTBI ACTPOHOMUM U ACTPOPUIUKHA

DTanbl pa3BUTHUS aCTpOHOMUHU. [IpHUKIagHOEe 1 MUPOBO33PEHUYECKOE 3HAUYCHHUE
ACTPOHOMHM.

Bun 3Bé3nmnoro nHeba. CosBe3nms, sSpkue 3BE3/bI, IIAHETH, MX BUIWMOC
JIBIOKCHHUE.

Conneunas cucreMa.

Comuue. ConHeuHas akTUBHOCTh. Mcrtounwk sHepruu CosHIIA M 3BE3L.
3BE3BI, UX OCHOBHBIE XAPAKTEPUCTUKH. J(MarpamMma «CHEKTPAJIbHBIA KJacC —
CBETHMOCTBE». 3BE31bI TJIABHOM ITIOCJIEAOBATEIILHOCTH. 3aBHCHUMOCTh «Macca —
CBETUMOCTb» JJIsl 3BE3]] TJIABHOM IMOCJIEIOBATEIbHOCTH. BHYTpEHHEE CTpOCHHE
3BE371. COBpEMEHHbBIE MPEACTABICHUSI O MPOUCXOXKICHUHN U 3Bodtonuu CoiHIA U
3BE3/. DTabl )KU3HU 3BE3I.

Muieunsiii Ilyte — Hama ["amaktuka. Ilonoxxkenue n aswxkeHue ConHIA B
lNanaktuke. Tunel ranaktuk. Paguoranaktuku u kBaszapel. UEpHBIE ABIPHI B sApax
raJlakTHK.

Bcenennas. Pacmiupenue Beenennoit. 3akon Xa0606sa. Pazderanue rajnakTuk.
Teopust bosbiioro B3peiBa. PeMKTOBOE H3ITyYEHHE.

Macmrabnas ctpyktypa Beenennoit. MeraranakTuka.

Hepeménnbie mpoOaeMbl aCTPOHOMHUH.

Yuenuueckue nabmooenus

Hab6mtoneHust HeBOOPYKEHHBIM TJIA30M C MCIOJIb30BAHUEM KOMITbIOTEPHBIX
MPWIOKEHUHN JJI1 ONPEICTICHHS TTOJIOKEHHsI HEOECHBIX O0OBEKTOB Ha KOHKPETHYIO
JaTy: OCHOBHBbIE cO3Be31usi CEeBEpHOro MOMYyIIApUs U SIPKUE 3BE3IBIL.

Hab6monenus B Teneckon JlyHsl, miianer, Mieunoro [lyTu.



O0o0mariee MOBTOpPEHUE

Ponp ¢u3uku u acTpoHOMHHM B SKOHOMHUYECKOW, TEXHOJIOIMYECKOH,
COLIMATILHOM U 3TUYECKOU chepax AesTEIbHOCTH YEJIOBEKA, POJIb U MECTO (PU3UKH
U aCTPOHOMHUU B COBPEMEHHON HAay4yHOW KapTUHE MUpA, poJib (PU3NUECKON TEOPHU
B (OpPMHUpPOBAaHUM TPEJICTABICHUNA O (U3HYECKOW KapTUHE MHUpa, MECTO
(u3nyeckoi KapTUHBI MHUpa B OOLIEM Py COBPEMEHHBIX €CTECTBEHHO-HAyYHBIX
MPEJICTABJICHUM O TTPUPOJIE.

MexknpeaMeTHbie CBA3H

N3yuenue kypca ¢usuku 0a30Boro ypoBHs B 11 Kiacce oCyIecTBISIETCS C
y4ETOM COJEPIKATEIBHBIX MEXKIIPEIMETHBIX CBSI3€M C KypcaMH MaTEMAaTHKH,
OHMOI0run, XMMHH, reorpaduu U TEXHOJIOTHH.

Meorcnpeomemnvle nousimus, CBA3aHHBIE C MU3yYEHHEM METOAOB HAaY4HOIO
IO3HAHUS: SIBJIEHME, HAaydHbIM (akT, rumoresa, (pusnueckas BEIWYMHA, 3aKOH,
TEOpHsl, HAOIIOAEHUE, SKCIEPUMEHT, MOJIEIUPOBAHUE, MOJIENb, U3MEPEHUE.

Mamemamuxa: peumieHUE CUCTEMBl YPABHEHUH, TPUTOHOMETPUYECKHE
(GYHKIMH: CUHYC, KOCUHYC, TAHT'€HC, KOTAaHT€HC, OCHOBHOE TPUTOHOMETPUUIECKOE
TOXKJIECTBO, BEKTOPBI M MX IPOCKLIHWH HAa OCH KOOPAMHAT, CII0)KEHUE BEKTOPOB,
IPOU3BOAHBIE AJIEMEHTApPHbIX (QYHKLIMHA, NpPU3HAKK TOJ00US TPEYroJbHUKOB,
onpeJieNICHNUE IOMIaAN TUIOCKUX PUryp u o0bEma Tel.

buonocus: snektpuyeckue sBIEHUS B JKUBOM MpuUpoAe, KojeOaTellbHbIe
JIBU)KEHUS B )KUBOW MPUPOJIE, ONTUYECKUE SIBIICHUSI B KUBOW MPUPOJEC, ACHCTBUE
paavanyy Ha )KMBbIE OPraHU3MBI.

Xumus: CTpOEHHE aTOMOB U MOJIEKYJl, KPUCTAIUINYECKAsA CTPYKTYpa TBEPABIX
T€1, MEXaHU3Mbl O0O0pa30BaHUSI KPUCTAUIMYECKONM pEIIETKH, CIEKTPaTbHbIN
aHaIu3.

l'eocpagpusi:  MarHUTHBIE TOJIOCA 3€MJM, 3aJ€KU MArHUTHBIX Py,
dboTochEMKaA 3eMHOM MOBEPXHOCTH, TIPEICKA3AHUE 3EMIICTPSICCHH .

Texnonocus: JNHWHUM DJIEKTPONEpEnad, TIEHEpaTOp MEPEMEHHOIO TOKa,
AIEKTPOABUIATENb, WHIAYKIIMOHHAS II€4Yb, pajap, paguoONpUEMHHK, TEIEBU30D,
anTeHHa, tenepoH, CBU-meub, MpoOEKIMOHHBIA ammapaT, BOJIOKOHHAs OMNTHKA,
COJIHEUYHas Oarapes..



IINIAHUPYEMBIE PE3YJBTATBI OCBOEHHUA ITPOI'PAMMBLI 110
OU3UKE HA YPOBHE CPEJHEI'O OBLIEI'O OBPA3OBAHUSA

OcBoenne ydeOHOro mpeamera «®du3uka» Ha YpOBHE CpEAHETO OOIIETO
oOpasoBaHus (0a30BBIi YPOBEHB) JOHKHO OOCCIEUUTH JTOCTHKEHUE CIICTYIOIINX
JMYHOCTHBIX, METANIPEIMETHBIX U MPEAMETHBIX 00pa30BaTEIbLHBIX PE3yIbTaTOB.

JIMHHOCTHBIE PE3YJIBTATBI

JIM4HOCTHBIE PEe3yNbTAaThl OCBOEHUSI yueOHOTro npeameTa «Pu3nKa» JOJKHBI
OTpa)kaTh TOTOBHOCTb M CIIOCOOHOCTH OOYYaromMXCs PYKOBOJCTBOBATHCA
chopMUpPOBAaHHON BHYTpPEHHEW TMO3UIMENH JMYHOCTH, CHCTEMOW II€HHOCTHBIX
OpUEHTAIIM{, TO3UTUBHBIX BHYTPEHHUX  YOEXKIEHWH, COOTBETCTBYIOLIUX
TPaJAUIMOHHBIM IIEHHOCTSIM POCCUHCKOr0 OOIIECTBA, PACHIMPEHHUE KU3HEHHOTO
ONbITA U OMBITA JEATEILHOCTU B IPOILIECCE PEAU3AlMU OCHOBHBIX HaIlpaBICHUN
BOCIIMTATEIILHOW JIESATEIbHOCTH, B TOM YHCJIE B YACTH:

1) rpaxxaaHCKOro BOCIIUTAHMSA:

c(OpMUPOBAHHOCTH I'PAXKIAHCKON MO3ULIMK 00YYarOIErocs Kak akTUBHOIO
OTBETCTBEHHOIO YJIEHAa POCCUICKOro 00IIECTBA;

NPUHATHE  TPAAUIIMOHHBIX  OOIEYETIOBEUECKMX T'YMAaHUCTUYECKHX |
JNEMOKPaTUYECKUX LIEHHOCTEW;

TFOTOBHOCTb BECTHM COBMECTHYIO JEITEIBHOCTh B MHTEpPECAX TPAXKIAHCKOIO
o0LIeCTBa, yHaCTBOBATh B CAMOYIIPABIEHUH B 00pa30BaTEIbHON OpraHU3allnu;

YMEHHE B3aUMOJICMCTBOBATh C COMAIIbHBIMUA HMHCTUTYTAMU B COOTBETCTBUU C
uX (QYHKITUSIMU U Ha3HAYCHUEM;

TOTOBHOCTH K TYMAaHUTApPHON U BOJIOHTEPCKOMN AEATEIIbHOCTH;

2) MaTpMOTHYECKOr0 BOCTIMTAHMSA:

c(hOpMUPOBAHHOCTh pPOCCUICKOU IPaXKIAHCKOMN UJIEHTUYHOCTH,
MaTPUOTHU3MA,;

[IECHHOCTHOE OTHOLICHHE K TOCYAAapCTBEHHBIM CHMBOJAM, JIOCTHKEHUIM
POCCHUUCKUX YUEHBIX B 00JaCTH (DU3UKU U TEXHUKU;

3) AyXOBHO-HPABCTBEHHOI 0 BOCIIMTAHMSA:

c(hOpMUPOBAHHOCTH HPABCTBEHHOTO CO3HAHUS, STUYECKOTO TTOBEACHMUS;

CIIOCOOHOCTh OILICHMBATh CUTYallUI0 W TMPUHUMATh OCO3HAHHBIC PEIICHMUS,
OPHUEHTUPYACh HA MOPaJbHO-HPABCTBEHHBIE HOPMBI U IIEHHOCTH, B TOM YHUCJE B
NESATENbHOCTA YYEHOTO;

OCO3HAHME JJUYHOTO BKJIa/Ia B MOCTPOCHHUE YCTOMUYMBOIO OyIYIIETO;

4) 3¢TEeTHYECKOr0 BOCIIUTAHUS:

ACTETUYECKOE OTHOIIEHUE K MUPY, BKJIIOYask 3CTETUKY HAYYHOTO TBOPUYECTBA,
OpUCYIIEro (PU3NYECKOU HAYKE;



5) TpyaoBOro BocnuTaAHMS:

UHTEpEC K pa3u4HbIM cdepaM HpoPecCHOHATIbHOU AESITEIbHOCTH, B TOM
YUCJIE CBSI3aHHBIM C (PU3UKOW U TEXHUKOH, YMEHHE COBEPILIATh OCO3HAHHBIA BHIOOD
Oynyueil npodeccuu u peanu3oBbIBaTh COOCTBEHHBIE KU3HEHHBIE TIAHBI;

TOTOBHOCTh M CIIOCOOHOCTh K O0Opa30BaHUIO U caMO00pa30BaHUIO B 00JacTH
(U3MKKU Ha POTSHKEHUU BCEH KU3HU;

6) IKOJIOrN4€eCKOro BOCIHUTAHMS:

c(OPMUPOBAHHOCTH JKOJIOTUYECKOM KYJNbTYPbl, OCO3HAHHUE TJI00aTbHOIO
XapakTepa SKOJIOrMUeCKUX Mpoliem;

TUIAHUPOBAHUE U OCYLIECTBJIEHUE AECUCTBUM B OKPYKAIOIIEH CPEZIE HA OCHOBE
3HAHUSA LIeJIed YCTOMYMBOTO Pa3BUTHS YEJIOBEYECTBA,

pacllUpeHue OIbITa AEATENbHOCTH JKOJOIMYECKOW HANpaBICHHOCTH Ha
OCHOBE UMEIOIINXCS 3HAaHUM 10 (PU3HKE;

7) HeHHOCTH HAYYHOT 0 MO3HAHMSA:

c(hOpMUPOBAHHOCTh MHPOBO33PEHUS, COOTBETCTBYIOIIETO COBPEMEHHOMY
YPOBHIO pa3BUTHS GUZNUECKON HAYKU;

OCO3HAHHME LEHHOCTH HAy4YHOM JI€ATE€IbHOCTH, TOTOBHOCTH B IIpOLIECCE
U3ydyeHuss  (U3UKU  OCYIIECTBIATH  IPOEKTHYIO U HUCCIEI0BaTENIbCKYIO
NEeSATENbHOCTh UHJIMBUIYAIbHO U B TPYIIIE.

METAIIPEAMETHBIE PE3YJIBTATBI

IlosHaBaTe/ibHbIC YHUBEPCAJIbHbIC YUeOHbIE 1eHCTBUSA
ba3oBrbie 1oruvyeckue 1eMCTBUA:
CaMOCTOATENbHO  (OPMYJIHMPOBAaTH M aKTyalIM3UpOBaTh  IMPoOOJIEMY,
paccMmaTpuBaTh €€ BCECTOPOHHE;
ONpENENATh LN JEATEIbHOCTH, 3a4aBaTh MapaMeTpbl U KPUTEPUH HX
JOCTHKEHUS;
BBISBIAITH  3aKOHOMEPHOCTH W IPOTUBOPEYMS B  PaCCMaTpUBAEMBIX
(Gu3nYECKuX ABICHUSIX;
pa3pabaThiBaTh IUIAH pEIICHUs NpOOJEMBbl C YYETOM aHalIM3a UMEIOLIUXCS
MAaTEpUAIIbHBIX U HEMATEPUAIILHBIX PECYPCOB;
BHOCUTH KOPPEKTUBHI B IEATEIIBHOCTD, OLICHUBATh COOTBETCTBUE PE3YIIbTATOB
LIEJISIM, OLICHUBATh PUCKU MOCIIEACTBUM JAESATENBHOCTH;
KOOPAMHUPOBATh U  BBIIOJHATH pabOTy B  YCIOBUSX  pEalbHOrO,
BUPTYaJIbHOTO 1 KOMOMHHUPOBAHHOTO B3aUMOJICHCTBHS;
pa3BUBaTh KPEATUBHOE MBIIIJIEHUE MPU PEIICHUH KU3HEHHBIX TPOOIEM.
ba3oBrble ucciienoBarebCKue 1eiCTBUA:
BJIQZIETh HAYYHOW TEPMUHOJOTMEN, KIIOUEBBIMU MOHATUAMHU W METOAAMU
(bu3nuecKon HayKu;



BJIQJIETh HABBIKAMHU y4EOHO-UCCIIEA0BATEIbCKON U MPOESKTHOU JEATETbHOCTH
B 001acTu (PU3MKHU, CIOCOOHOCTHIO U TOTOBHOCTBIO K CAaMOCTOSITEIbBHOMY MOUCKY
METOJIOB pelIeHUs 3a1ad (U3NYECKOTO COACpPKaHUS, MPUMEHEHHIO DPa3TUYHBIX
METOJIOB [TO3HAHUS;

BJIAJIETh BHJAMU JEATEIHHOCTH IO TOJYyYEHHWI0O HOBOTO 3HAHUS, €ro
UHTEpIpETaluy, MpPeoOpa3oBaHUI0 M NPHUMEHEHUIO B PA3JIUYHBIX YYEOHBIX
CUTYalUsIX, B TOM YHCJIE TIPU CO3/IJaHUN Y4E€OHBIX TPOEKTOB B 001acTH (PU3UKH;

BBISIBIIATH TIPUYUHHO-CIICACTBEHHBIE CBSI3M M aKTyallU3UpOBaTh 3anady,
BBIJIBUTaTh TUIOTE3y €€ pelleHus, HaXOAUTh apryMEHThl IJIsl JI0Ka3aTesIbCTBA
CBOUX YTBEp)KJICHUH, 3a7aBaTh MMapaMeTpbl U KPUTEPUH PEIICHHS;

aHAJTM3MPOBATh TOJYYEHHbIE B XOJA€ pEIIeHHs 3aJaud pe3yJbTaThl,
KPUTHYECKH OIICHMBATh WX JOCTOBEPHOCTb, MPOrHO3UPOBATH N3MEHEHHE B HOBBIX
YCIIOBUSX;

CTaBUTh U (POpPMyIUpOBATH COOCTBEHHBIE 3aJaudl B 00pa30BaTEIIbHOM
JESITEIHbHOCTH, B TOM YMCIIE TIPU U3YUEHUU (DU3UKU;

JlaBaTh OLEHKY HOBBIM CUTYallUsSIM, OLICHUBATh MPHUOOPETEHHBIH OIIBIT;

yMETh TEPEHOCUTh 3HAaHUS 1O (uU3MKe B MPAKTHUECKYIO 00JIacTh
KU3HEACSITEIbHOCTH;

YMETh UHTETPUPOBAThH 3HAHUS U3 PA3HBIX MPEAMETHBIX 00JIacTel;

BBIJIBUTaTh HOBbIE UJIE€H, MPEAJIaraTh OpUrMHAIIbHBIE MTOJIXO/IbI U PELLICHUS;

CTaBHUTbH MPOOJIEMBI U 3a/1a4H, TOMYCKAOIINE allbTePHATUBHBIC PEILICHUSI.

Pabora ¢ undopmanmneii:

BJIaJIeTh HABBIKAMM MOJy4eHUS MHPOpMaMH (PU3MUECKOTO COACPNKAHUS U3
WUCTOYHUKOB Pa3HBIX THUIIOB, CaMOCTOSITEIBHO OCYIIECTBISTh IIOWCK, AaHAU3,
CHUCTEMAaTH3aLMI0 ¥ HHTEPIPETalri0 MHPOPMAIUU Pa3IMYHBIX BHUIOB U (hopm
pEe/ICTaBIICHUS;

OLIEHUBATh JOCTOBEPHOCTh HH(OpMaLINK;

UCIOJBb30BaTh  CpPEICTBa  HMH(POPMAIMOHHBIX M KOMMYHHMKAIIMOHHBIX
TEXHOJOTUN B PEUICHUU KOTHUTHBHBIX, KOMMYHUKATUBHBIX U OPraHU3allMOHHBIX
3ama4  C COONIIOJICHWEM TpeOOBaHWUW HPrOHOMHKH, TEXHHUKH O€301acHOCTH,
TUTHEHBI, PECypcocOepeKeHHs, TMPaBOBBIX M  ATHYECKUX HOPM, HOPM
MH(POPMAIIMOHHOW 0€30MMaCHOCTH;

CO3/1aBaTh TEKCThl (PU3MYECKOIO COAEpkKAHUS B Pa3IMYHbIX (opMmaTax cC
y4€TOM Ha3zHaueHUs UH(POPMALMK U LEIEBOI ayIuTOPUH, BbIOUpasi ONTUMAIIbHYIO
dbopmy TIpeCTaBICHUS U BU3yaTH3aIiH.

KoMMyHuUKaTHBHBbIC YHUBEPCAJbHbIC YUeOHbIC 1CHCTBHSA:
OCYIIECTBJIATh OOIIEHHE Ha Yypokax (U3MKM U BO BHE-ypOUHOU
NEeSATENbHOCTH;



pacrno3HaBaTh MPEANOCHUIKA  KOHQIMKTHBIX CHUTyallMd W CMsT4aTh
KOH(DIIUKTHI;

pPa3BEPHYTO W JIOTUYHO M3JIaraTh CBOIO TOYKY 3PEHUSI C HCIOJIb30BaHUEM
SI3bIKOBBIX CPEJICTB;

MOHUMATh U HUCIOJIb30BaTh MPEUMYIIECTBA KOMaHJIHOW U WHIAMBUAYAJTHLHOU
paboTHI;

BBIOMpATh TEMATUKY M METOJbI COBMECTHBIX JEHUCTBUN C Y4ETOM OOIIUX
WHTEPECOB U BO3MOXKHOCTEH KaXKJI0TO YieHa KOJJIEKTHBA,

NpUHUMATh 1€IM  COBMECTHOM  JIESITEIbHOCTH, OpPraHU30BBIBATH U
KOOPAUHUPOBATh JEUCTBUS MO €€ JOCTHKEHUIO: COCTABJIATH IUIAH JEHCTBUM,
pacupenensaTh poiau ¢ y4ETOM MHEHHMH YYaCTHUKOB, OOCYXKIaTh PE3YIbTaThl
COBMECTHOM pabOThI;

OLICHMBAaTh KayeCTBO CBOETO BKJaJa W KaXJOr0 Y4YaCTHHKAa KOMAaHJIbl B
o0O1mi pe3yapTaT o pa3padOTaHHBIM KPUTEPHSIM;

MpEeAJIaraTb HOBBIE TIPOEKTHI, OLEHHWBAaTh WJEH C TO3ULHA HOBU3HBI,
OpUTHMHAIILHOCTH, MPAKTUYECKON 3HAUUMOCTH;

OCYIIECTBIIATh TMO3UTUBHOE CTPATETMUYECKOE TOBEACHUE B PA3TMUYHBIX
CUTYaLUsIX, TPOSIBIISATh TBOPUECTBO U BOOOpaKeHUE, ObITh MHUIIMATHBHBIM.

PeryisiTuBHBIC YHUBepcalbHbIe y4eOHbIE el CTBHSA
Camoopranmzanmus:

CaMOCTOSITEJILHO OCYILECTBIIATh MO3HABATEIbHYIO NEATEIbHOCTh B 00JIACTH
GU3MKM W acCTPOHOMHH, BBISABISATH MPOOJIEMBI, CTaBUTh H (OPMYIUPOBATH
COOCTBCHHBIC 3aa4H;

CaMOCTOSITEJIbHO COCTaBJIATH IUIAH PEIIEHUS PACYETHBIX M KaYECTBEHHBIX
3aJ1a4, TJIaH BBIMOJIHEHUS MPAKTUUECKOW paboThI C y4ETOM MMEIOIIMXCS PECYPCOB,
COOCTBEHHBIX BO3MOKHOCTEH U MPEANOYTCHHUIA;

JIaBaTh OIIEHKY HOBBIM CUTYaIlUsIM;

paciupsTh paMKi Y4eOHOTO MpeIMeTa Ha OCHOBE JIMYHBIX MPEATIOYTECHUN;

JieNaTh OCO3HAHHBIM BBIOOpP, aprymMeHTHpOBaTh e€ro, OpaTh Ha cels
OTBETCTBEHHOCTD 32 PEILICHUE;

OLICHMBATh IPUOOPETEHHBIN OIBIT;

CocoOCTBOBaTh (DOPMUPOBAHUIO U MPOSBICHUIO SPYIUIUU B 00JIACTH
(pU3UKH, TOCTOSTHHO MOBBIIIATH CBOI 00Pa30BaTEIbHBINA U KYJIbTYPHBI YPOBEHb.

CaMOKOHTPOJIb, 3MOLMOHATbHBIH HHTE/JIEKT:

JlaBaTh OLIEHKY HOBBIM CUTYallUsIM, BHOCUTh KOPPEKTHUBBI B JESTEIBbHOCTD,
OLICHMBATh COOTBETCTBHE PE3YIbTATOB LIEIISIM;

BJaJIeTh ~ HABbIKAMHU  [O3HABATENIbHOM  pedieKcuu  Kak  OCO3HAHUS
COBEPIIAEMBIX JEHCTBUM M MBICIUTENIBHBIX MPOLECCOB, HMX pE3yJIbTaTOB U
OCHOBaHU;



UCIIOJIb30BaTh MPUEMBI PeIIEKCUH IS OLICHKU CUTYyalluH, BHIOOpa BEPHOTO
peleHus;

YMETh OIICHHBATh PHUCKH M CBOCBPEMEHHO TNPUHUMATh pEUICHUS MO HX
CHHIKEHUIO;

OPUHUMATh MOTHUBBI M apryMEHTBl JAPYTUX TpH aHaIM3e pe3ylbTaToB
NeSITeNIbHOCTH;

IPUHUMATH ce0sl, MOHUMasi CBOM HEIOCTATKU U JOCTOMHCTBA;

OPUHUMATh MOTHUBBI M apryMEHTBhl JAPYTUX TMPH aHallM3e pe3yJbTaToB
JeSITeIbHOCTH;

MpU3HABATh CBOE MPABO U MPABO IPYTUX HA OLIUOKHU.

B mpouecce AOCTM)XEHHUS JTUYHOCTHBIX PE3YJbTATOB OCBOCHHUS IPOTrPaMMBbI
mo ¢u3MKe I YPOBHA CpPEAHETro OO0Iero oOpa3oBaHUsl Yy OOYJArOIIMXCS
COBEPILIEHCTBYETCS AMOIIMOHAJIbHBIN WHTEJIEKT, Mpe AN oararonmii
c(hOopMUPOBAHHOCTb:

CaMOCO3HaHMS, BKJIIOUAIOIIET0 CIOCOOHOCTh MOHUMATh CBOE YMOLIMOHATBHOE
COCTOSIHME, BUJIETh HAMpPaBJICHUS Pa3BUTHSI COOCTBEHHON SMOIIMOHATBHOM cepsl,
OBITh YBEPEHHBIM B ce0€;

CaMOPETYJIMPOBaHUs, BKJIOYAIOIIETO CaMOKOHTPOJb, YMEHUE IPUHUMATh
OTBETCTBEHHOCTh 3a CBOE IIOBEJIEHHUE, CIOCOOHOCTh aJanTUPOBaThCAd K
HMOLIMOHAJIbHBIM U3MEHEHUSIM U MPOSBISATh THOKOCTh, OBITH OTKPHITHIM HOBOMY;

BHYTPEHHEN MOTHMBALMH, BKIIFOYAIOUIEH CTPEMIICHHE K JTOCTHKEHHUIO LEIU U
yclexy, ONTUMHU3M, HHHMIIMAaTUBHOCTb, YMEHHUE JEHCTBOBAaTh HMCXOIs M3 CBOMX
BO3MOKHOCTEH;

AMIIATUH, BKIIOYAIOIIEH CIOCOOHOCTh MOHUMATh YMOLIMOHAIBHOE COCTOSIHUE
ApYTUX, YYUTBIBaTh €ro TMpPU OCYUIECTBICHHWU OOILEHUs, CIOCOOHOCTh K
COUYYBCTBHUIO U COIEPEKUBAHUIO;

COLMAIbHBIX HABBIKOB, BKIIIOYAIOIINX CIIOCOOHOCTH BBICTPAUBATh OTHOIICHHUS
C IPYTUMHU JIFOJbMH, 3800TUTHCS, MPOSIBIATH HHTEPEC U pa3peliaTb KOH(INKTHL

INPEAMETHBIE PE3YJIbTATBI

K koHuy o0ydyenuss B 11 kjacce npeameTHbIE pe3yJsibTaTbl Ha 0a30BOM
YPOBHE JIOJDKHBI OTPaXXaTh C(HOPMUPOBAHHOCTH y OO0 yJAIOLIUXCS YMEHHI:

JIEMOHCTPUPOBAaTh Ha MpUMEpax pojb U MECTO (PU3UKU B (POPMHPOBAHUU
COBPEMEHHOM HAy4YHOW KAPTHUHBI MHUpPAa, B PAa3BUTHUM COBPEMEHHOM TEXHHUKHA M
TEXHOJIOTMM, B IPAKTUYECKON ACATEIBHOCTU JIIOJIEH, LIEJIOCTHOCTh U EIUHCTBO
(u3nUecKol KapTUHBI MUPA;

YYUTBHIBaTh TPAHUIBl NPUMEHEHHS] H3YyYEHHBIX (U3NYECKUX MOJENeH:
TOYEYHBIN AJIEKTPUYECKUHN 3aps, Jyd CBETa, TOYECYHBIM UCTOYHUK CBETA, sCpHas



MOJIENIb aTOMa, HYKJIOHHAash MOJIeJIb aTOMHOTO sijipa MpU peuieHud (U3HUYECKUX
3ajay;

pacno3HaBaTh (Pu3nuecKue SBICHUS (MPOIECChI) U OOBSICHATh UX Ha OCHOBE
3aKOHOB AJIEKTPOJUHAMUKHU U KBAaHTOBOW (PM3UKH: DJIEKTPUUECKAS TPOBOJAUMOCTb,
TEIJIOBOE, CBETOBOE, XMMHUUYECKOE, MAarHUTHOE JEHUCTBUS TOKa, B3aUMOJICHCTBUE
MarHuTOB, DJIEKTPOMArHUTHAas WHAYKIMS, JACHCTBME MAarHUTHOTO TIONS Ha
MPOBOJHUK C TOKOM U JIBIDKYIIMMCS 3apsijl, dJEKTPOMarHUTHBIE KoieOaHus U
BOJIHBI, MPSMOJUHEHHOE paclpOCTPAHEHUE CBETa, OTPaXKEHHE, MPEIOMIICHUE,
uHTepepeHnus, AUGpaKius W TMOJISIpU3alis CBETa, JIUCIEPCUS  CBETA,
dotornexkrpuueckuii 3pdekt (Ppororddekr), cBeTOBOE NaBiieHUE, BOSHUKHOBEHUE
JMHEWYATOro CIEeKTpa aroMa BOAOpPOAA, €CTECTBEHHAas M HCKYCCTBEHHas

PaguOaKTUBHOCTD;
OIMCBHIBATh M3YYEHHBIE CBOMCTBa BelleCTBa (JIEKTPUUYECKHE, MArHUTHBIE,
ONTHYECKHE,  JJIEKTPUYECKYI0  MPOBOJAMMOCTHh  pa3IMYHBIX  Cpea) H

AJICKTPOMArHUTHBIE SBJICHUSA (TIPOILIECCHI), HCIONB3Yysd (PU3NUecKue BETUYUHBI:
3JIEKTPUYECKUN 3apsji, CHJIA TOKA, JJICKTPUUECKOE HAIPSIKEHUE, DIEKTPUUECKOE
COMPOTHUBJICHUE, PA3HOCTh MOTEHLIMAJIOB, SJIEKTPOJBIKYIAs CHiIa, padoTa TOKa,
WHIYKIIMA MAarHUTHOIO Iojs, cuia Awmrepa, cuia JlopeHia, WHIYKTUBHOCTH
KaTYIIKH, SHEPTUsl SJICKTPUUECKOTO W MArHUTHOIO TMOJICH, TMEPUOJ M 4YacToTa
KojcOaHuii B KOJeOATCIIPHOM KOHType, 3aps] W CHjla TOKa B IIpolecce
TapMOHUYECKUX DJEKTPOMATrHUTHBIX KoJieOaHUM, (OKYCHOE pacCTOSHHE U
ONTHYECKAsl CHJIA JIMH3BI, IPH OINKMCAHWUW NPABUJIBLHO TPaKTOBaTh (PH3MUECKUit
CMBICIT HCIIOJIb3YeMBIX BEITUYMH, WX OOO3HAUYCHHUS W CIWHHIIBI, YKa3bIBaTh
dbopMyIbl, CBA3BIBAIOIIME JaHHYIO (PU3WUYECKYI0 BEJIUYMHY C JAPYTUMU
BEJINYNHAMU,

OMUCHIBATH H3YYEHHBIC KBAHTOBBIC SIBJIEHHS W TPOILIECCHI, HCIOJb3Ys
¢dusnueckre BEIUYMHBI: CKOPOCTh AJIEKTPOMArHUTHBIX BOJIH, JJIMHA BOJHBI H
4acTOTa CBETa, SHEPTUs U UMIYIbC (DOTOHA, TIEPHOJ] MOTypachaaa, YHEPTUS CBS3H
aQTOMHBIX S7Ep, NPU ONMHCAHUM TPABUJIBLHO TPAKTOBAaTh (HU3UUYECKUN CMBICI
WCITOJIb3YeMBIX BEIIMYWH, MX OOO3HAYEHUS W CIWHHUIIBI, YKa3bhIBaTh (POPMYIIHI,
CBS3BIBAIONIME JIAHHYIO (U3MYECKYI0 BEJIMYMHY C JAPYTMMH BEJIWYHWHAMH,
BBIYUCIIATH 3HaUCHUE (DU3NYECKOM BEJIMUMHBI,

aHAIM3UPOBaTh (PU3MYECKUE MPOIECCHl U SABJICHUS, UCIONb3Ys (PU3ndeckue
3aKOHBl M TIPUHIMIIBL 3aKOH OMa, 3aKOHBI MOCJIEIOBATEILHOIO U MapajlieIbHOTO
COCAMHEHUS MPOBOJHUKOB, 3akoH Jlxkoyns—JleHla, 3aKOH 3IEKTPOMArHUTHOM
WHYKIIMU, 3aKOH MPSAMOJIMHEHMHOTO paclpoCTpaHEHUsI CBETA, 3aKOHBI OTPAKCHUS
CBETa, 3aKOHBI IMPEJOMJICHUSI CBETa, ypaBHEHHe OWHIITEHHa i dotorddekTa,
3aKOH COXPAHEHUS HSHEPruH, 3aKOH COXPAHCHHS HMMITYJIbCa, 3aKOH COXPaHCHUS
AJIEKTPUYECKOr0 3apsifia, 3aKOH COXPAaHEHHsS MAacCOBOIO 4uCia, MOCTynarsl bopa,



3aKOH PaJIMOaKTUBHOIO paclajia, Mpy 3TOM Pa3InyaTh CIOBECHYIO (OPMYIUPOBKY
3aKOHA, €ro MaTeMaTH4YeCKOe BBIPAXEHUE U YCJIOBUS (TpaHUIBl, 00JIACTH)
MIPUMEHUMOCTH;

OIPENENATh HAIIPABJICHUE BEKTOPAa MHAYKIIMA MAarHUTHOTO MOJISl IPOBOJHUKA
C TOKOM, CUJIbl Amriepa u cuibl JlopeHia;

CTPOUTh M OIUCHIBATh H300paKEHME, CO37aBaeMOE€ IUIOCKMM 3€pKajioM,
TOHKOMW JIMH30M;

BBITIOJIHATh JIKCIEPUMEHTHI IO MCCIECIOBAHUIO (DU3NUYECKUX SIBJICHUU W
MPOLIECCOB C UCIOJIB30BAHUEM IMPSAMBIX M KOCBEHHBIX H3MEPEHUI: MpPU STOM
dbopmynupoBaTh MOpoOJEMy/3alauy W THUIOTE3y Yy4eOHOro HSKCIEpUMEHTAa,
co0upaTh YCTaHOBKY W3 MPEIIOKEHHOTO OOOpYJIOBaHUS, MPOBOJUTH OMBIT M
(dbopMynHpOBaTH BEIBOBL

OCYIIECTBJIATh MPSAMbIE U KOCBEHHbIE M3MEPEHUS (PU3NUYECKUX BEIUYUH, IPU
ATOM BBIOMpPATh ONTUMAILHBEIN CIOCOO M3MEPEHHS M HCIOJIh30BaTh W3BECTHBIC
METO/]IbI OLIEHKHU MOTPEIIHOCTEN N3MEpPEHU;

HCCIIEIOBAaTh 3aBUCUMOCTH (DU3MUYECKHX BEIUYMH C HCIOIh30BAaHUEM
NpSIMBIX HM3MEPEHUN: MPU HSTOM KOHCTPYHMPOBATh YCTAHOBKY, (PUKCHpOBaTh
pE3yNbTAThl MOTYYECHHOM 3aBUCUMOCTH (PU3UUYECKHX BEJIMYUH B BUJIC TAOIHI] U
rpaduKoB, JIeJaTh BBIBOJIBI IO pE3yJibTaTaM UCCIEAOBAHUS;

co0irofaTh mpaBuiia 0€30MaCHOTO TPy/Aa MPH MPOBEICHUM WCCIIEIOBAHUN B
paMKax y4yeOHOro OJKCIEepUMEHTa, Yy4eOHO-MCCIIEOBATEIbCKON U TMPOEKTHOU
JIESITENTIbHOCTA C HMCIOJb30BAaHUEM H3MEPHUTENIbHBIX YCTPOUCTB U JTAOOPATOPHOTO
000py/IOBaHMUS;

pemiath pacy€THhIE 3aJlaud C SIBHO 3aJaHHON (U3MYECKONW MOJIETbIO,
UCTIONB3Ys (PM3NYECKHE 3aKOHBI U MPUHIIUIIBI, HA OCHOBE aHAJIN3a yCIOBUS 3a/1au
BbIOMpATh (DU3MYECKYIO MOJENb, BBIACHATh (PU3NUYECKHE BETUYUHBI U (POPMYIIbI,
HEOOXOuMBbIE JJid €€ pEILCeHHs, MPOBOJUTh Pacu€Thl U OLIEHUBATH PEATbHOCTD
MOJIY9CHHOTO 3HAYCHUS (PU3UYECKOU BETMIUHBI,

pelaTh Ka4eCTBEHHBIE 33J]Ja4M: BHICTPAUBaTh JOTUYECKU HEMPOTHUBOPEUUBYIO
LIENIOYKY PACCYKJICHUW C OMOpPOM Ha HM3YYEHHBIC 3aKOHbI, 3aKOHOMEPHOCTU U
busnyueckue sIBICHMUS;

UCIONB30BaTh ~ TpPU  PEIICHUH  y4eOHBIX  3a7ad  COBPEMECHHBIC
MH(POPMAIIMOHHBIE TEXHOJOTHH JJIsl TIOUCKA, CTPYKTYPUPOBAHUS, UHTEPIPETAIIUN
U TIpe/icTaBlieHUs] Y4eOHON M Hay4yHO-TIOMYJISIpHOW MH(pOPMAIIUH, MOTYYCHHOU U3
Pa3IUYHBIX UICTOYHUKOB, KPUTUUECKU aHATTM3UPOBATH MOJydaeMyro HHGOPMAIIUIO;

OOBSICHATH TPHUHIMUIIBI JEHCTBUA MAaIUH, NPUOOPOB U TEXHUUYECKHUX
YCTPOUCTB, pa3inyaTh yCIOBUS MX OE30MACHOI0 UCMOJIb30BAHUS B MOBCEIHEBHOM
KU3HU;



IPUBOAUTH IPUMEPHI BKJIaJ]a POCCUICKUX U 3apYOEKHBIX YUEHBIX-(DU3UKOB B
pa3BUTHE HAyKd, B OOBSCHEHHUE IPOLIECCOB OKPYXKAIOUIET0O MHUpa, B Pa3BUTHE
TEXHUKH U TEXHOJIOTUH;

UCIOJIb30BaTh TEOPETHUUECKHE 3HAHUS MO (PU3MKE B MOBCEIHEBHOM XKU3HU
Ul obecniedeHus: 0€30MacHOCTU MpU OOpalIeHUuu ¢ MPUOOpaMU U TEXHUUYECKUMHU
yCTpPOWCTBAaMU, JUIsl COXPAHEHUs 3[I0POBbSI U COOJIIOJEHUSI HOPM 3KOJOIMUECKOT0
MTOBEJCHUS B OKPYXKAIOIIEH CPEIIE;

paboTaTh B TpyNIE C BBHIMOJTHEHWEM PA3IUYHBIX COIHMAIBHBIX POJIEH,
IUIaHUPOBaTh pPa0OTy TPYIIbI, PAUOHAIBHO pAaclpeaesiTh OOSI3aHHOCTH MU
TUTAHUPOBAThH JIEATEIHHOCTh B HECTAHAAPTHBIX CUTYaIMsX, aJICKBAaTHO OIICHUBATH
BKJIa/I K&KJIOTO U3 YYaCTHUKOB I'PYIIBI B PELICHHE pacCMAaTPUBAaEMOil MPOOIEMBbI.



TEMATHUYECKOE INTAHUPOBAHHUE
11 KVIACC

KoaunuecTBo yacos

DJIeKTPOHHbIE
HaumeHoBaHue pa3ienoB U TeM KonTpoabubie (undpossbie)
Ne n/m IIpakTnuyeckue
NMPOrpaMMbI Bcero padorni/ o0pa3oBaTesbHbIE
padoThl
3a4eThl pecypchbl
Paznen 1. QJIEKTPOJAMHAMUKA
11 MarnutHoe noJie. DIeKTpOMarHuTHas 95 1 5 https://lesson.edu.ru/03/11
WHAYKLUS
Hroro mo pazneny 25
Paznen 2. KOJIEBAHUSA U BOJIHBI
21 MexaHu4uecKkue 1 3JeKTpOMarHUTHbIE 10 1 https://lesson.edu.ru/03/11
' Kosie0aHus
99 MexaHndecKkue 1 3JIeKTPOMarHuTHbIE 11 1 https://lesson.edu.ru/03/11
' BOJIHEI
23 OnTHKa 29 1 3 https://lesson.edu.ru/03/11
Hroro mo pazngeny 43

Paznen 3. OCHOBBI CIIEIIUAJIBHOM TEOPUU OTHOCUTEJBHOCTH

31 OcCHOBBI crienuanbHOU TCOPUHU

OTHOCHUTCIIbHOCTHU

3

1

https://lesson.edu.ru/03/11

Uroro no pazneny

Paznen 4. KBAHTOBASA ®U3UKA




4.1 DJIEeMEHThl KBAHTOBOW ONTUKHU 10 https://lesson.edu.ru/03/11
4.2 Crpoerue atoma 5 https://lesson.edu.ru/03/11
43 ATOMHOE SPO 7 1 https://lesson.edu.ru/03/11
Hroro no pasaeny 22
Paznen 6. OBOBLIAIOIEE IIOBTOPEHHUE
6.1 O06o6m1aroiee MOBTOPEHUE 5 https://lesson.edu.ru/03/11
Hroro no pazueiy 3
Pe3epBHOE Bpems 4
OBIIEE KOJIMYECTBO YACOB I10 ITPOIT'PAMME 102 4/2




ITIOYPOYHOE IINTAHUPOBAHHME

11 KVIACC
KounyecrBo yacos DJIeKTPOHHbIE
KonTpoanubnie Jlara nudpoBbIe
Ne i/ Tema ypoka P IIpakTHueckue op
Bcero | padorsi/ 6 u3ydyeHusi | oGpa3oBaTebHbIE
200ThbI
3a4eThl P pecypchl

1 [ToBTOpenue kypca ¢usnku 3a 10 1 CeHTABPb https://lesson.edu.ru/03/11

) KJ1acc
5 Bxomnas koHTposbHas paboTa Kypca 1 1 ceHTabpb

' ¢usuku 3a 10 kmacc
3 B3auMongeiicTBre MOCTOSTHHBIX 1 ceHTAbpb https://lesson.edu.ru/03/11

) MarHuTOB
4. B3anmoneiicTBrE TPOBOJHUKOB ¢ TOKOM 1 ceHTAbpb https://lesson.edu.ru/03/11
5 MarHuuTHbIE CBOMCTBA BEIlECTBA 1 ceHTAbpb https://lesson.edu.ru/03/11
6. MarnutHoe none. [IpaBuno OypaByuka. 1 ceHTAbpb https://lesson.edu.ru/03/11
7 Mopnynb BEKTOpa MArHUTHOW MHAYKLIIHA 1 ceHTAbpb https://lesson.edu.ru/03/11
8. 3akoH Amnepa. [IpaBuiio neBoi pyku. 1 ceHTAbpb https://lesson.edu.ru/03/11
9 Pamxka ¢ TOKOM B MariuTHOM I10JIE€ 1 ceHTAbpb https://lesson.edu.ru/03/11
10 CrepxeHb Ha HAKJIOHHBIX U 1 ceHTAbpb https://lesson.edu.ru/03/11

TOPU30HTAJIbHBIX HAITPABJIAOIINX




11 [TosnHbBIH 000POT CTEPIKHS, ceHTAbpb https://lesson.edu.ru/03/11
) MOJBEIIEHHOI0 Ha IIPOBOJaX
12 ['uGxuit TPOBOTHUK C TOKOM BOJIM3HU ceHTAbpb https://lesson.edu.ru/03/11
) [10JI0COBOI'O MarHUTa
Jlabopatopnas pabota Ne 1 «/leiicTBue OKTA6pb
13. MarHUTHOTO ITOJISI Ha TPOBO/IHHUK C
TOKOM).
14 Moayie cunsl JIopenua. HanpaBnenue OKTAbPb https://lesson.edu.ru/03/11
' cunsl Jlopenua
15 JBr>xeHuE 3apsSKEHHON YaCTUIII B OKTA6pb https://lesson.edu.ru/03/11
' OJTHOPOJAHOM MAarHUTHOM T10JIC
16 OnbiTel @apanes. MarHUTHBINA MOTOK. OKTABPb https://lesson.edu.ru/03/11
' IMpasuio Jlenna
17 [IprurHBI BO3BHUKHOBEHUS OKTABPb https://lesson.edu.ru/03/11
' MHIYKIMOHHOIO TOKa
18 3aKOH 3JIEKTPOMAarHUTHON UHAYKIUH OKTABPb https://lesson.edu.ru/03/11
19 OJIC uHIyKIIMHU B TPOBOJAHUKE, OKTAB6Pb https://lesson.edu.ru/03/11
' JBUXKYIIEMCSI C TTOCTOSTHHOM CKOPOCTHIO
JlabopaTopHas pabora Ne 2 OKTA6pb
20 «HccnenoBanue siBiaCHUS
' ANIEKTPOMArHUTHOW MHTYKIIHH.
Koncrpyupoanmne TpanchopmaTtopay.
JlabopatopHas pabora Ne 3 OKTA6pb
21. «HMccrnenoBanue BUXPEBOro
AIEKTPUYECKOT O TOJIS».
272, SIBrieHrEe CaMOUHTYKIIMH. OKTAB6Pb https://lesson.edu.ru/03/11
NHyKTUBHOCTH OKTABPb https://lesson.edu.ru/03/11

23.




24 DHeprusit MarHUTHOT'O MOJIsI KOHTYpa ¢ OKTABPL https://lesson.edu.ru/03/11
) TOKOM
25 O06o06maromniee TOBTOPEHUE IO TEME OKTA6pb
) «DIEKTPOIUHAMHKA)
26 Kontponbshas pabora Ne 1 «MaruutHoe OKTA6Pb
' roJie. DIIEKTPOMArHUTHASI WHTYKITUS)
27 VYcnoBus CyIecTBOBaHUS CBOOOTHBIX OKTA6pb https://lesson.edu.ru/03/11
' KoJIeOaHUH
28. OcCHOBHBIC XapaKTEPUCTUKH KOJIeOaHUH HOABPL https://lesson.edu.ru/03/11
29, TapMOHHUCCKHE KONCOAHN HOABPb https://lesson.edu.ru/03/11
30. TIpyHHHbIH MASTHHK HOABPb https://lesson.edu.ru/03/11
31 Jlabopatopnas pabora Ne 4 «3y4uenue HOABPb
' KoJe0aHM MPYKMHHOT'O MAsITHUKA)
37. MaTeMATIY eCKI MASTHIK HOABPb https://lesson.edu.ru/03/11
CooTHoILIIEHUE MEXITYy CMEILIECHUEM, HOABPb https://lesson.edu.ru/03/11
33. CKOPOCTBIO H YCKOPEHHEM Telia MpH
TrapMOHUYECKUX KOJIEOaHHUIX
34 [IpeBparenns sHepruu npu cBOOOIHBIX HOAGPb https://lesson.edu.ru/03/11
) TrapMOHUYECKUX KOJIEOAHHIX
35 BhIHyK/IeHHELE KOTeGaHHs HOABPb https://lesson.edu.ru/03/11
36 CBOOOIHBIE AIIEKTPOMArHUTHBIE HOA6pPb https://lesson.edu.ru/03/11
' KonebaHus
37 AHaorus MexJ1y MEXaHM4eCKUMHU U HOABPb https://lesson.edu.ru/03/11

OJICKTPOMArHMTHBIMU KOJIEOaHUSIMH




33 NHAyKIIMOHHBIN reHepaTop HOA6Pb https://lesson.edu.ru/03/11
' AIIEKTPHY ECKOT'0 TOKA
39 IIpousBoacTBO, iepenaya u HOABPb https://lesson.edu.ru/03/11
) MOTPEOJICHUE DJICKTPOIHEPTUU
40. MexXaHuteckHe BOTHEL 3BYK. neKkabpb https://lesson.edu.ru/03/11
[Ipenckazanuie u OTKpBITHE neKkabpb https://lesson.edu.ru/03/11
41. AJIEKTPOMAarHuTHhIX BOJH. CBOWCTBA
AJIEKTPOMArHUTHBIX BOJIH
IIpakTdeckoe NpuMEHEHUE nekabpb https://lesson.edu.ru/03/11
42. AJIEKTPOMArHUTHBIX W3JIYYE€HUH U IIKaa
AJIEKTPOMArHUTHBIX BOJIH
43 N3o6petenue paauo. [TpuHIHAIBI AeKkabpb https://lesson.edu.ru/03/11
' PagrOCBSI3H.
a4, COBPEMEHHEIE CPEICTBA CBAH AeKkabpb https://lesson.edu.ru/03/11
45 Obobmaroniee MOBTOPEHHUE IO TEME Zekabpb
' «KomebaHust 1 BOIHBI»
16 KonTtponbsnas padora Ne 2 «Konebanus fekabpb
' U BOJIHBD»
47 3ayet Nel «DnekTpoIMHaAMUKA. neKkabpb
' Konebanus 1 BOIHEL »
48 JIydu cBeTa ¥ TOUEUHBIN UCTOUYHHK nekabpb https://lesson.edu.ru/03/11
' cBeTa
49 [IpsimonuHelHOE pacnpocTpaHEeHu e Aekabpb https://lesson.edu.ru/03/11
' ceeta. TeHb M IIOTyTEHb
50. Orpacere cBeta nekabpb https://lesson.edu.ru/03/11




51. Tpenomucrue ceeta AeKkabpb https://lesson.edu.ru/03/11
5. ToHOE BHYTPEHHEE OTPaNKEHIE nekabpb https://lesson.edu.ru/03/11
JlabopatopHas pabota Ne 5 AHBapb
53 «HccnenoBanue npenomMiIeHUs CBETa Ha
) I'paH Lax paszzena «BO3yX-CTEKIO» U
«CTEKJIO-BO3YX).
54 Bunpl mua3. OCHOBHEIE 3JIEMEHTHI AHBApPb https://lesson.edu.ru/03/11
) JH3b1. DOKYCHI JIMH3BI
55 N3o6pakenus B uH3ax. [locTrpoeHue AHBapPb https://lesson.edu.ru/03/11
' 1300paKeHUI B IMH3aX
56 VYBemuuenue auH3bl. Popmyia TOHKOM AHBapPb https://lesson.edu.ru/03/11
) JIMH3BI
57. T'a3. OnTHYECKHE TPHGOPSI AHBApPb https://lesson.edu.ru/03/11
53. CBeT — YaCTUIbI U BOTHEL? AHBapPb https://lesson.edu.ru/03/11
59 WuTepdepeniiys BOJIH Ha TOBEPXHOCTH AHBapb https://lesson.edu.ru/03/11
' BOJBI
60. WnTepdepenmas caeta AHBapb https://lesson.edu.ru/03/11
61 Judpakiys MeXaHUYECKUX BOJIH. AHBapb https://lesson.edu.ru/03/11
' Jlubpaxuus ceera
62 OmnbiT FOHra ¢ 1Byms ENSAMH. AHBapb https://lesson.edu.ru/03/11
' JudpakiuoHHas pemeTka
JlabopaTopnas pabora Ne 6 AHBapb
63. «Habmonenne nunrepdepeHunu u

TUQPAKIIUKA CBETaY.




JlabopaTopnas padora Ne 7 AHBapb
64. «OmnpeneneHue AJIMHBI CBETOBOW BOJIHBI
C TOMONITBIO AU (DPAKITMOHHON PEIIETKI.

65. Tlucnepcus ceeta despanb https://lesson.edu.ru/03/11

66 WNudpakpacHoe u ynpTpaduoneToBoe deBpanb https://lesson.edu.ru/03/11
' U3IIy9CHHE

67. Tonsipusanus ceera despanb https://lesson.edu.ru/03/11

63 O06o0miaromee TOBTOPEHUE IO TEME deBpanb https://lesson.edu.ru/03/11
' «Omnruka»

69. KonTponbhas padora Ne 3 «Ontuka» despane

70 OCHOBHEIE ITOJIOKECHUS CIICIIHATILHOMN deBpanb https://lesson.edu.ru/03/11
' TEOPHHU OTHOCHTEILHOCTH

71. Duepris Tea. DHEPrHs TOKOR despanb https://lesson.edu.ru/03/11

72 CamocrosTenbHas paboTa 1mo Teme deBpanb https://lesson.edu.ru/03/11
' «DJIeMEHTBI TEOPUHU OTHOCUTEILHOCTH»

73 I'mnoresa [1nanka. SIBnenne deBpanb https://lesson.edu.ru/03/11
' dorodrpdexra

74 Asnenne potodrpdexra. 3aKOHBI deBpanb https://lesson.edu.ru/03/11
' doroddhdekra.

75, Teopus hoTosddexTa. despanb https://lesson.edu.ru/03/11

76. Doromsr, Tprumenene botosddexTa. deBpanb https://lesson.edu.ru/03/11

77 Omnpit Pesepdopna. [Tnanerapuas MapT https://lesson.edu.ru/03/11

MOACIb aToOMa.




MapT

https://lesson.edu.ru/03/11

78. Teopus aroma bopa
79, CIICKTPEL H3Ty4eHHA H TOTIOMCHHA mapT https://lesson.edu.ru/03/11
30 OHepreTuueckue ypoBHU. CIOHTaHHOE U mapT https://lesson.edu.ru/03/11
) BBIHYKJICHHOE M3JTy4Y€CHHUE.
31, Taseper mapT https://lesson.edu.ru/03/11
37 KOpILy CicyIApHO-BOTHOBOM Ay aIan MapT https://lesson.edu.ru/03/11
33 JlabopaTopHas pabora Ne 8 «l3ydyenue MmapT
' CIIEKTpa BoopoAa 1o ¢pororpapumn»
34 Crtpoenue aToMHOr O sifipa. SnepHbie MmapT https://lesson.edu.ru/03/11
) CHJIBL.
OTKpbITHE PATMOAKTUBHOCTH. MmapT https://lesson.edu.ru/03/11
85. PannoakTuBHBIE MpeBpalieHus. 3aKOH
pPaaMoOaKTHBHOIO paciaia.
36. S7IepHbIE PEaKIHH. mapT https://lesson.edu.ru/03/11
37 DHeprus cBsI3M aTOMHBIX siiep. Peakuuu mapT https://lesson.edu.ru/03/11
) CHHTE3a U JICJICHUS sJIep.
38 SAnepHslil peakTop. SnepHas mapT https://lesson.edu.ru/03/11
) SHEPreTHKA.
Knaccudukanus 3neMeHTapHbIX YaCTHII. anpenb https://lesson.edu.ru/03/11
89. dyHIaMeHTaIbHbIE YaCTULIBI U
(hyHIaMEHTaJIbHBIC B3aMMOICH CTBHS.
90 MeToabl perucTpaunu U UCCAEA0BaHUS anpenb https://lesson.edu.ru/03/11
) 5JIEMEHTAPHBIX YACTHIL.
91. JlabopaTopnas pabora Ne 9 «3yuenue anpenb




TPEKOB 3apsHKEHHBIX YacTHIL 110 (HOTO-
rpadum»

92 O06o06m1aromee TOBTOPEHUE IO TEME 1 anpesnb
' «KBanTOBast (husmKa»
93 KonTtponwsnas padora Ne 4 «KBanToBas 1 1 anpenb
' uszrkar
94 3auger No2 «Ontuka. KBanToBas 1 1 anpenb
' busuka»
95 O06o6maroiee MOBTOPEHNE 1 anpenb
96. O06o0maromiee mMOBTOPEHNE 1 anpenb
97. O6o061maro1iee MOBTOpEeHNE 1 anpenb
98. Pe3eps Bpemenu 1 mau
99. PesepB BpeMeHN 1 mau
100. Pe3eps BpemeHn 1 mau
101. PezepB Bpemenu 1 Mau
102 KoHTposbHO-0IIeHOUHAS TIPOIIeaypa B 1 1 Mai
' paMKax MPOMEKYTOUYHOH aTTeCcTaIr[uu
OBIIEE KOJIMYECTBO YACOB I10
- 102 7/2 10

I[TPOTPAMME




YYEBHO-METOJINYECKOE OBECIIEYEHUE
OBPA3OBATEJIBHOI'O ITPOLIECCA
OBA3ATEJIBHBIE YYEBHBIE MATEPHUAJIBI JIAA YYHEHUKA

o ®Ousuka: 11-i kiacc: 0a30BbIi U yriayOJeHHbIH YpoBHU: yueOHUK/ .51
Msxkumes, b.b. byxosiies, B.M. Yapyru#n; nox pea. H.A.
[MapdentreBoit. — 11-e uzn., crep. — Mocksa: [Ipocsemenune, 2023. —
432c.: [4] n. un. — (Kiaccuaeckwii Kypc).

METOINYECKHUE MATEPHUAJIBI JIUIA YYUTEJIA

o @usuka: 11-i xkmacc: 6a30BbIiA U yrayOaeHHBIA YypoBHH: yueOHUK/ ['.51.
Msxumes, b.b. byxosies, B.M. Hapyrun; noa pea. H.A.
[TapdentnreBoit. — 11-e 3., crep. — Mocksa: IIpoceemienue, 2023. —
432c.: [4] n. un. — (Kimaccuaeckwii Kypc).

o A.Il. PeimkeBuy. COopHUK 3aaa4 1o ¢usuke. Mocksa, J{poda, 2005 -
2019 r.

e COopuuk 3aaa4 no gusuke 111 9 — 11 knaccos. CoctaButens ['.H.
CrenanoBa. M.: «IIpocBemienuey, 1996 r.

e 10.A. Caypo. ®usuka. [loypounsie pazpadotku. 10 kmacc. [Tocodue aiis
o01reobpa3oBarenbHbIX opranuzaiuid. Mocksa. [Ipoceemenue. 2015

e 10.A. Caypos. ®usuka. [Toypounsie pazpadotku. 11 kmacc. Ilocobue ast
o011eo0pa3oBaTeIbHBIX OpraHu3anuii. bazoBelil u yriyOJieHHbIN
ypoBeHb. Mockga. [Ipocsemienne. 2017 r.

HOUPPOBBIE OBPA30OBATEJIBHBIE PECYPCBI 1 PECYPCBI CETU

HUHTEPHET

e JIaGopaTopHbie paboThl 110 du3uke. BupryanbHbie 1a0opaTopHbIe
pa6ortsl. http://phdep.ifmo.ru

e buGmmoteka [IOK https://lesson.edu.ru/03/11


http://phdep.ifmo.ru/
https://lesson.edu.ru/03/11

