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MNOACHUTEJIBHASA 3AIIMCKA

[Iporpamma 1o ¢Qusuke 06a30BOro ypoBHS Ha YPOBHE CpPEIHErO OOIIEro
oOpa3oBaHMs pa3paboTaHa Ha OCHOBE IMOJIOKEHHH M TpeOOBaHUI K pe3yibTaTam
OCBOCHHMsI OCHOBHOI 00pa3oBaTelbHOM Mporpammsl, mnpeactaBieHHbx B OI'OC
COQO, a Taxxke c¢ yuéroMm denepaibHON paboyeil MporpaMMbl BOCIHTAHHS H
KOHIIENINK TpenofaBaHus yueOHoro npeamera «Dusuka» B 00pa3zoBaTeIbHBIX
Opra"u3anusax Poccniickon denepanum, peANU3YIOIIUX OCHOBHBIE
o0pa3oBaTeNbHbIC IPOTPAMMBEI.

CopnepxkaHue mnporpaMMmbl 1O (U3MKE HampaBieHO Ha (HOpMUpPOBaHHE
€CTECTBEHHO-HAYYHOU KapTUHBI MUpa oOydarommuxcs 10—11 kiaccoB npu 00yueHuun
ux Qu3uke Ha 6a30BOM YpPOBHE Ha OCHOBE CHCTEMHO-JIEATEIHHOCTHOTO MOAXO0/A.
[Tporpamma o ¢usuke coorBercTBYyeT TpedoBanussM OI'OC COO k maHupyeMbIM
JUYHOCTHBIM, MPEMETHBIM M METANPEIMETHBIM pe3yjbTaTaM OOyUEHHUs], a TAKKe
YUUTHIBAET HEOOXOJUMOCTh pealh3allii MEXIPEIMETHBIX CBs3el (U3UKUA C
€CTECTBEHHO-HAYUYHbIMU yU4E€OHBIMU IIpeIMeTaMu. B Hell onpeaenstoTcs OCHOBHbIE
1IN U3y4eHUsl (PU3UKHU Ha YPOBHE CPEAHEro 0011ero oopa3oBaHus, INIAHUPYEMbIE
pe3ynbTaTbl  OCBOEHUSI Kypca (HU3UKHU: JIMYHOCTHBIE, METalpEIMETHBIE,
npeaMeTHbIe (Ha 6a30BOM YPOBHE).

[Iporpamma 1o gpu3MKe BKIIOYALT:

e IUJJAHUPYEMBIE PE3YJIbTATHI OCBOCHMS Kypca (pu3nku Ha 0a30BOM YpOBHE, B

TOM YHCJIE€ IPEIMETHBIE PE3YJIbTATHI M0 F0JIaM 00YUYEHUS;

e cojepkaHue yueOHoro npeamera « Pu3nkay 1o rogaM oOy4eHusl.

®du3rka Kak Hayka O HamOoJsiee OOIMX 3aKOHAX MPHUPOABI, BHICTyIAs B
KayecTBe y4eOHOT0 MpeAMEeTa B IIKOJIE, BHOCUT CYIIECTBEHHbIN BKJIaJ B CUCTEMY
3HaHMI 00 okpykaromiem mupe. HHIkoapHbIN Kypc GU3HKK — CUCTEMOOOpa3yIOIni
JUISl €CTECTBEHHO-HAYYHBIX YYEOHBIX MPEIMETOB, TOCKOJIbKY (PU3NYECKHUE 3aKOHBI
JeKaT B OCHOBE IIPOIICCCOB M SBIICHHWM, M3y4aeMbIX XHUMHEH, OHOJIOTHEH,
dbuznyeckoir reorpadueir wW actpoHomued. Mcmonb3oBaHHE W AKTHBHOE
npuMeHeHue (U3MYECKUX 3HAHUM  OMpEAeNsaeT XapakTep ¢ pa3BUTHE
pa3HOOOpa3HbIX TEXHOJOTUM B Cepe IHEPTETUKH, TPAHCIIOPTA, OCBOEHUSI KOCMOCA,
MOJIyYeHHUs] HOBBIX MAaTEPHAJIOB C 3aJJaHHBIMU CBOMCTBaMU U Apyrux. M3yuenue
(bU3MKYM BHOCUT OCHOBHOU BKJIa/l B (hOPMHUPOBAHNE €CTECTBEHHO-HAYUYHON KapTHHBI
Mupa oOydarormuxcs, B (HOpMUPOBAHHE YMEHHN TPUMEHSITh HAYYHBIA METOJ]
MO3HAHUS MPU BHINOJHEHUN UMHU YU4E€OHBIX UCCIIETOBAHUM.

B ocHOBY Kypca (pusuku i ypoBHS CpeHEro 0011ero o00pa3oBaHusi OJI0KEH
pAI UeH, KOTOpble MOXKHO paccMaTpUBaTh KaK MPUHLIUIIBI €r0 TOCTPOESHHUS.

Hoes yenocmnocmu. B COOTBETCTBUM € HEW KypC SBISIETCA JIOTUYECKH
3aBEPIIEHHBIM, OH COJICPKUT MaTepuall U3 BCeX Pa3fesioB (DU3UKU, BKIIIOYAET KaK
BOIPOCHI KJIACCUYECKOM, TAK 1 COBPEMEHHOM (DU3HKHU.

Hoes ecenepanuzayuu. B COOTBETCTBUM ¢ HEW Matepuan Kypca (Qu3uku
o0benUHEH BOKpPYr (¢u3nyueckux Teopuil. BenmymwuMm B Kypce sBIsieTcs
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dbopMupoBaHHE MPEACTABICHUI O CTPYKTYPHBIX YPOBHSIX MaTE€pHH, BELIECTBE U
noJie.

Hoes eymanumapuzayuu. EE peanuzanusi mpeanosiaraeT HCIOJIb30BaHUE
TYMaHUTapHOTO TOTEHIMana (HU3MUECKON HayKH, OCMBICICHHUE CBS3H Pa3BUTHUSA
(Gu3MKH ¢ pa3BUTHEM OOIIECTBA, a TAKKE C MUPOBO33PEHUECKIUMH, HPABCTBEHHBIMU
U DKOJIOTUYECKUMU TTpoOIeMaMHu.

Hoes npuxnaonot nanpasnennocmu. Kypce hbu3uku rpemnonaraet 3HakoMCTBO
C IIUPOKUM KPYTOM TEXHUYECKUX W TEXHOJOTUYECKUX MPUIIOKEHUN H3yYECHHBIX
TEOPUH U 3aKOHOB.

Hoes sxonocuzayuu peanuszyeTcs TMOCPEICTBOM BBEIEHUS DIIEMEHTOB
cCollepKaHMs, TMOCBAIIEHHBIX OKOJOTMYECKMM MpoljemMaM COBPEMEHHOCTH,
KOTOpBIE CBSI3aHbl C Pa3BUTHEM TEXHUKU M TEXHOJIOTHM, a TakkKe 00CYX ICHHS
po0JIeM pallMOHATIBHOTO MPUPOIONOIB30BAHUS U IKOJIOTMYECKON 0€30MMacCHOCTH.

CrepKHEBBIMHU 3JIEMEHTaMH Kypca (U3MKH Ha YpPOBHE CpPEAHEro OOILEero
oOpa3oBaHMsl SABJIAIOTCS (usnueckue teopuu (HopMHpoBaHHE MPEACTABICHUN O
CTPYKTYpE MOCTPOEHUsI PU3NYECKON TeOopuH, posid GyHIaMEHTAIbHBIX 3aKOHOB U
IPUHLIUIIOB B COBPEMEHHBIX IPEJCTABICHUAX O IPUPOJIE, IPAHULIAX TIPUMEHUMOCTH
TEOPHA, /ISl ONIMCAHUS €CTECTBEHHO-HAYYHbIX SIBJICHUI U MPOLECCOB).

CHCTEeMHO-AESITENbHOCTHBIN TOJIX0 B Kypce (U3UKU PEean3yeTcs MPEexIe
BCEro 3a CYET OpPraHU3allUU SKCIEPUMEHTAIBHON AESITEIbHOCTH O00YyYaroIMXCs.
J51s 6a30BOro ypoBHs Kypca (PU3UKU — 3TO HCIIOIb30BAaHUE CUCTEMBI (PPOHTAIIBHBIX
KPaTKOBPEMEHHBIX SKCIIEPUMEHTOB U JIA0OPAaTOPHBIX padOT, KOTOPBIE B TPOrpamMme
no (usuke 0ObEIUHEHBI B OOIIMNA CHUCOK YYEHUYECKHUX MPAKTHUECKUX PaloT.
Bbljenenre B yKa3aHHOM MepeyHe J1adOpaTOpHBIX pabOT, MPOBOJMMBIX IS
KOHTPOJISL U OLIEHKH, OCYHIECTBIIETCA yYaCTHUKaMU 00pa30BaTeNbHOrO IMpoliecca
UCXOJI1 U3 OCOOCHHOCTEW IUIAHWPOBAHUS W OCHalleHus KabuHeta ¢usuku. [Ipu
3TOM oOOecrneurnBaeTcsl OBJAJCHUE OOYy4alolMMHUCS YMEHUSIMU IPOBOJIUTH
KOCBEHHbIE HM3MEPEHUS, HCCIEAOBAaHUS 3aBUCHUMOCTEH (PU3MUECKUX BEIUYMH U
MIOCTAHOBKY OITBITOB IO MTPOBEPKE MPEITIOKEHHBIX TUIIOTES.

Bonblioe BHUMaHUE yesieTcs pEIICHNI0 PaCUE€THBIX M KaUeCTBEHHBIX 3a/1ad.
[Tpu 3TOM A5t pacu€THBIX 3a7]a4 IPUOPUTETOM SIBJISIIOTCA 3a/1a4M C SIBHO 3aJaHHOMN
bu3nueckoil MOJENbl0, TO3BOJSIONIME NPUMEHSATh HW3YYEHHBIE 3aKOHBI H
3aKOHOMEPHOCTH KaK M3 OJHOrO paszfena Kypca, TaKk U HWHTErpUpys 3HAHUS W3
pa3HbIX pasnaesnoB. i KayeCTBEHHBIX 3a/1ay MPUOPUTETOM SIBISIOTCS 3aJaHUs Ha
OOBSICHEHHE NPOTEKAaHUS (PU3NYECKUX SBJICHHM U TPOLIECCOB B OKpYXKaromleu
JKW3HU, TpeOyromue BbIOOpa (PU3MUECKON MOJAENU ISl CUTYalluud MPaKTUKO-
OpPUEHTHUPOBAHHOTO XapakTepa.

B cootserctBuu ¢ TpedoBanusimu @I'OC COO k maTepuanbHO-TEXHUUECKOMY
o0ecrniedyeHn0 yueOHOTro mporecca 0a30BbIil YpOBeHb Kypca (DU3MKK Ha ypOBHE
CpeqHero oomero oOpa3oBaHUsl JTOJDKEH H3Yy4aTbCs B YCJIOBUAX IPEAMETHOTO
KaOuHeTa (PU3MKK WIM B YCIOBUAX HHTETPUPOBAHHOTO KaOMHETAa MpPEeIMETOB
€CTECTBEHHO-HAYYHOr0 LKKIA. B xabuHeTe GpuU3MKHU AOHKHO OBITH HEOOXOIUMOE
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nabopatopHoe O0OpyIOBaHUE [JIs1 BBIMOJIHEHMS] YKa3aHHBIX B MpOrpamme II0
(¢u3MKe yUEHUUECKUX NMPAKTUYECKUX PAaOOT U JEMOHCTPALIMIOHHOE 000PYI0BaHHE.

JlemMoHcTpalMoHHOE  000pyZoBaHHE (OopMHpYETCs B COOTBETCTBUM C
OPUHIMIIOM MHUHUMAJIBHOM JOCTAaTOYHOCTH M  OOECHEYMBAET IOCTAaHOBKY
NEPEUYNCICHHBIX B TMporpaMMe Mo (U3HKE KIOYEBbIX JEMOHCTpaUUd s
UCCIIEIOBAaHMSI  U3yYaeMbIX SIBICHUH M  IMPOLECCOB, OSMIUPUUYECKUX U
(yHITaMEHTaJIbHBIX 3aKOHOB, X TEXHUYECKUX TPUMEHEHUH.

JlaGopaTopHoe 00OpyIOBaHHWE I YYEHUYECKHX TPAKTHUYCCKUX paboT
dbopMupyeTcss B BHJIE TEMAaTUYECKUX KOMIUIEKTOB M 0OeCredrBaeTCsl B pacuére
OJTHOTO KOMIUIEKTa Ha JBYX oOydamommxca. TemMaTudecKkue KOMILIEKTHI
71a00paTOpHOTO O0OOPYAOBAHUS JOJKHBI OBITh IHOCTPOECHBI Ha KOMIUIEKCHOM
UCIIOJIb30BaHUU AHAJIOIOBBIX U LM(POBBIX MPUOOPOB, a TAKKE KOMIIBIOTEPHBIX
U3MEPUTETBHBIX CUCTEM B BHJI€ HU(PPOBBIX JaOOPATOPUIL.

OCHOBHBIMM LEJIIMHU U3y4€HHUs PU3UKHU B 001IEM 00pPA30BAHUU SBIISIFOTCS:

e (opMHpOBaHHE HUHTEpEca M CTPEMJICHUS OOYyYaroIIMXCi K HAy4HOMY
U3YYEHUIO IPUPOJBI, PAa3BUTHE HMX HHTEJUIEKTYAJIbHBIX U TBOPYECKHUX
CIIOCOOHOCTEI;

e pa3BUTHE MPEACTABICHUI O HAYYHOM METOJI€ IO3HAHUSA U (POpMUPOBaHUE
MCCJIEI0BATENHCKOrO0 OTHOIIEHUS K OKPYKAIOLIUM SIBIICHUSM;

e (opMHpOBaHHE HAYYHOIO MUPOBO33PEHMS KaK pe3yJIbTaTa U3yuyeHUsI OCHOB
CTPOEHMSI MAaTEPUH U (PYHIaMEHTAIbHBIX 3aKOHOB (DU3HKHY;

e (opmupoBanue yMeHUH OOBSACHATH SBJICHHUA C HCIHOJb30BAHUEM
(bU3MYEeCKUX 3HAHUN U HAYYHBIX JOKA3aTEIbCTB;

e (opMupoBaHue NpeNCTaBICHUNA O PONM (PU3UKHU IJI Pa3BUTHUS JIPYTUX
€CTECTBEHHBIX HAayK, TEXHUKU U TEXHOJOTHH.

JlocTrxeHne 3TUX Lened oOecrednBaeTCsl pelIeHHeM CIEeIyIoMMX 3ajad B

npoIriecce u3yueHus Kypca GU3uKU Ha YPOBHE CPETHETO O0IIero 00pa3oBaHUsI:

e MpuoOpeTeHne CUCTEMBI 3HAaHUI 00 00X PU3HMUECKUX 3aKOHOMEPHOCTSX,
3aKOHAaX, TEOpUSAX, BKIIOYAas MEXaHUKY, MOJIEKYSPHYIO (U3HKY,
3JIEKTPOIMHAMUKY, KBAHTOBYIO (DU3UKY U 3JIEMEHTHI aCTPOPU3UKU;

e (dopMupoBaHHE YMEHMHA TPUMEHATh TEOPETUYECKUE 3HAHUS Ui
OOBbsICHEHUS (PU3MYECKUX SBICHUU B TMPUPOAEC U IS NPUHATHUSA
MPAKTUYECKUX PEIIEHUN B TOBCEAHEBHOW )KU3HU;

e OCBOCHHE CMOCOOOB pELIEHUS pa3IUYHbIX 3aJad C SBHO 3a/laHHOU
¢usznyeckoil Monenblo, 3aJay, MOJPa3yMEBAIOIIUX CaMOCTOATEIbHOE
co3gaHue pU3NUECKOl MOJEINH, aJIeKBATHON yCIIOBUSM 33aJa4uH;

e TMOHMMaHUE€ (U3MYECKUX OCHOB M MPUHIMUIOB JEUCTBHUS TEXHUYECKUX
YCTPOMCTB M TEXHOJOTUYECKUX MPOLIECCOB, UX BIMSHUS HA OKPYKAIOLIYIO
cpeny;

e OBJAJCHUE METOJAMHU CAMOCTOSITEIBHOIO IUIAHWPOBAHUS WU IMPOBEACHUS
(u3NYECKUX SKCIIEPUMEHTOB, aHAIW3a W HMHTEpHpeTauuu HH(OpMaluu,
OIpEEIEHUS IOCTOBEPHOCTHU MOJYUYEHHOTO PE3yJIbTaTa;
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e CO3/IaHWEC YCJIOBHUM ISl PA3BUTUS YMEHUU NPOECKTHO-UCCIIEIOBATEIbCKOM,
TBOPUYECKOU J1€ATEIbHOCTH.

Ha wusyuenune ¢usuku (06a30BbI YpOBEHb) Ha YpPOBHE CPEIHEr0 OOIIEro
oOpazoBanus otBoauTcs 136 gacos: B 10 kimacce — 68 gacoB (2 4aca B HEEN0), B
11 xmacce — 68 yacoB (2 yaca B HEJIETIO).

[Ipennaraempiii B mporpamMmme 1o (QU3MKE TNepeueHb J1abopaTOpPHBIX U
MPAKTUYECKUX pabOT ABISETCS PEKOMEHJIOBAHHBIM, YYHTENb JENaeT BbIOOP
MpOBeNCHHsT J1a0OPATOPHBIX pPabOT M OMBITOB C YYE€TOM HWHIWBHIYATHHBIX
0COOEHHOCTEH 00yJaroIMXCsl.
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COAEPXKXAHUE OBYUYEHUA
10 KIIACC

Paznen 1. ®u3uka 1 MeTOAbI HAYYHOT'O IIO3HAHUSA

®usuka — Hayka O mpupone. Haydnbie MeTOnBI NMO3HAHMS OKPYKAIOLIETO
Mupa. Posb skcriepuMeHTa U TEOpUU B IPOLECCE MO3HAHUS TPUPOABL. DKCIIEPUMEHT
B (U3HKe.

MonenupoBanue (u3NYECKUX SIBJIEHMM M mporieccoB. HayuHble TMIIOTE3BI.
dusnueckre 3aKOHbI U TEOPUH. ['paHUIBI MPUMEHUMOCTH (PU3NYECKUX 3aKOHOB.
[IpyHIMT COOTBETCTBUA.

Ponbe u Mecto ¢usuku B GOpMUPOBAHUN COBPEMEHHON HAyYHOW KapTUHBI
MUpa, B IPAKTUYECKOMN NEATEIBHOCTH JIFOACH.

Jlemoncmpayuu

AHanoroBble U 1IUGPOBBIE H3MEPUTENbHBIE TMPUOOPHI, KOMIIBIOTEPHBIE
JATYUKH.

Paszpnen 2. Mexanuka

Tema 1. Kunemamuka

Mexanudeckoe ABMkeHHE. OTHOCUTEIBHOCTh MEXAHUYECKOTO JBUKEHUS.
Cucrema orcuéra. Tpaekropus.

[Tepemerienne, CKOpOCTh (CpelHssE CKOPOCTb, MTHOBEHHAasi CKOpPOCTb) U
YCKOPEHHE MAaTE€pUAJIbHOW TOYKH, MX IMPOEKIUH HAa OCH CUCTEMBI KOOPAMHAT.
CroxeHune nepeMeleHN U CI0KEHHE CKOPOCTEM.

PaBHOMEpHOE M pPaBHOYCKOpPEHHOE MpsIMOJIMHENHHOE IBIKeHue. ['paduku
3aBUCUMOCTH KOOpPAMHAT, CKOPOCTH, YCKOPEHUS, IYyTH U IEpeMELICHUsS
MaTepUaJIbHONW TOYKH OT BPEMEHHU.

CBoOoaHOE nazieHre. Y CKOpeHre CBOOOIHOTO MaieHUSI.

KpuBonmHeHOE NBMKEHUE. [[BHKEHNE MaTEPUATIBHOM TOYKHU M0 OKPYKHOCTH
C MOCTOSIHHOM IO MOZYJIIO CKOPOCTBIO. YTJIOBAasi CKOPOCTh, JIMHEWHAsI CKOPOCTb.
[Tepuon u yactota obpauenus. LleHTpocTpeMuTeabHOE yCKOPEHHE.

TexHuuecKkue yCTpOWCTBA M MNPAKTUYECKOE MPUMEHEHHE: CHUIOMETP,
JIBUKEHUE CHAPSAOB, LIETIHbIE M peMEHHBIE TIEpeIayuu.

Jlemoncmpayuu

Mopnenb cucTteMbl OTCYETA, WIUTFOCTpALUs KWHEMAaTHYECKHX XapaKTEPUCTHUK
JBUKEHUS.

[Tpeobpa3zoBanue ABMKEHUHN C UCTIONIB30BAHUEM MTPOCTHIX MEXaHNU3MOB.

[Tanenue Ten B BO3AYyXE U B pa3pe’keHHOM IIPOCTPAHCTBE.

HaGniogenue aBukeHUs Tena, OPOIIEHHOIO IMMOJ YIVIOM K TOPU30HTY H
TOPU30HTAJIBHO.

N3mepenne yckopeHusi CBOOOTHOTO TaACHMUS.

HamnpaBneHue ckOpoCcTy pH IBHKEHUH 110 OKPYKHOCTH.

Yyenuueckuii sxcnepumenm, 1abopamopusie padbonul
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N3ydyeHrne HEpaBHOMEPHOI'O ABHKEHHS C LIEJIBIO ONPENEIICHUS MTHOBEHHOU
CKOPOCTH.

HccnenoBanre COOTHOLIEHUS MEXAY MYTSAMH, HNPOUJACHHBIMU TEJIOM 3a
MOCJICIOBATENbHBIC PABHBIE MPOMEXKYTKHM BPEMEHUM IIPU PABHOYCKOPEHHOM
JIBUKEHUH C HAYaJIbHOW CKOPOCTBIO, PABHOU HYIIIO.

N3yueHne NBUKEHUS [IapUKa B BI3KOU KHIKOCTH.

N3yuyenue aBukKEHUS Tena, OPOLUIEHHOTO TOPU30HTAIBHO.

Tema 2. /lunamuka

[Ipuanun  otHocutenbHOCTH  ['ammnes. IlepBeid  3akoH  HproToHA.
HNHepunaibHble CUCTEMBI OTCUETA.

Macca tena. Cuna. [Ipunnun cyneprno3unuu cuil. Bropoii 3akon Herotona aiist
MaTepuaibHON TOUKU. Tperunii 3akoH HbroTOHA 17151 MaTepuaabHbIX TOYEK.

3akoH BcemupHoro Ttarorenus. Cumia Tspkectu. llepBas kocmuueckas
CKOpOCTb.

Cuia ynpyroctu. 3akoH ['yka. Bec tena.

Tpenue. Bunpl Tpenus (mokosi, CKoipxeHus1, kauenusi). Cumna tperusi. Cyxoe
Tpenue. Cuia TpeHus: CKOJIbKEHUS U cuiia TpeHus nokos. KoadduimeHT tpenusi.
Cuna conpoTUBIICHUS MPU IBUKEHUU TEJIA B )KUJKOCTH UJIU Ta3e.

[TocTtynaTensHOE U BpalaTelbHOE ABUKEHUE a0COMIOTHO TBEPAOTO Tea.

MOMEHT CHJIBI OTHOCUTENIBHO OCH BpauieHus. llnedo cumibl. YcnoBus
paBHOBECUs TBEPAOIO TeEA.

TexHH4eckrue yCTpOWCTBA M MNPAKTUYECKOE MPUMEHCHUE: MOAIIUITHUKH,
JIBUKEHHUE UCKYCCTBEHHBIX CITYTHUKOB.

Jlemoncmpayuu

SIBneHue nHepumm.

CpaBHeHHE MacC B3aMMOJICHCTBYIOIINUX TEJ.

Bropoii 3axkon HeroToHa.

N3mepenne cuil.

CrnoxxeHue cui.

3aBUCHUMOCTH CHJIBI YIIPYTOCTH OT Jiepopmarumu.

HesecomocTs. Bec Tena npu yCkOpeHHOM MTOIbEME U TIAJICHUH.

CpaBHEeHUME CUJT TPEHHUS TTIOKOSI, KAUEHUS U CKOJIbKEHUS.

YcnoBus paBHOBECHS TBEPAOIO Teia. Buabl paBHOBECHS.

Yuenuueckuii akcnepumenm, nabopamopuvie pabomul

N3ydenue aBmxeHUs Opycka Mo HaKJIOHHOM MJIOCKOCTH.

HccnenoBanne 3aBUCUMOCTH CWJI YIIPYTOCTH, BO3HUKAIOIIMX B MPYKUHE U
pe3uHOBOM 00pa3siie, OT X Jedopmariuu.

HccnenoBanne yclIOBHM PaBHOBECHS TBEPAOTO TeENA, HUMEIOLIETO OCh
BpAILICHUA.

Tema 3. 3akonvl coxpanenus ¢ MexaHuKe

Nmnynbc MarepuaabHOM TOUKHM (Te€na), CUCTEMbl MaTE€pUANbHBIX TOYEK.
NMnynbc cuiibl U1 U3MEHEHUE HMMITyJIbCa TeNd. 3aKOH COXPAHEHUS HWMITYJIbCA.
PeakTuBHOE NBUKEHUE.
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PabGora cunbl. MOIIHOCTH CHUJIBL.
Kunernyeckass SHeprus MaTepHalbHOM TOUKH. Teopema 00 H3MEHEHHH
KHHETUYECKOU DHEPIHH.

[ToTeHnanbHast DHEPTHS. [MoreHumanpHast DHEPTHUSA yIpyTO
nehopMUpOBaHHON NPYKUHBL. [ToTeHITMaNbHAS SHEPTHS Tea BOJIM3H MOBEPXHOCTH
3eMiIn.

[MToreHuuanbHble | HEIIOTEHIINAJILHBIE CHUIBI. CBsi3b  pabOTHI

HEMOTEHIMAIBHBIX CHJI C U”3MEHECHUEM MEXaHUYECKOWU IHEPTUH CUCTEMBI TeJl. 3aKOH
COXPaHEHUSI MEXaHUYECKOU SHEPTHUH.

VYrpyrue v Heynpyrue CTOJIKHOBEHHS.

TexHuyeckue yCTpOMCTBA W MPAKTUUYECKOE MPUMEHEHHE: BOIOMET, KOMED,
MPY>KMHHBIN MUCTOJIET, TBHKCHUE PAKET.

Jlemoncmpayuu

3aKOH COXPAHEHUS UMITYJIbCA.

PeakTuBHOE IBUKEHUE.

[Tepexoa MOTEHIMANBHON YHEPTUHA B KHHETHYECKYIO U 00OpaTHO.

Yuenuuecxuii sxcnepumenm, 1abopamopvle pabomol

N3yuenne abCOJIOTHO HEYNMPYroro yjaapa ¢ MOMOIIBIO JABYX OJWHAKOBBIX
HUTSHBIX MasSTHUKOB.

HccnenoBanne CBs3M pabOThI CHJIBI ¢ U3MEHEHHEM MEXaHUYECKOW IHEPTUH
TeJIa Ha IPUMEPE PACTSIKEHUS PE3UNHOBOTO KIyTa.

Paznen 3. MoJgiekyasipHast Qu3nKa 1 TEePMOJAUHAMHUKA

Tema 1. OcHo6bl MONEKYIAPHO-KUHEMUYUECKOU Mmeopuu

OCHOBHBIE€ TIOJIOKEHUSI MOJIEKYJISIPHO-KUHETUYECKOW TEOPUH U MX OMNBITHOE
o0ocHoBanue. bpoyHoBckoe nBuwkeHue. duddysus. Xapaktep ABUKEHUS H
B3aUMOJCUCTBUSA 4YacTUI[ BemlecTBa. Mojaenu CTpOEHHUs ra3oB, >XKHAKOCTEHM U
TBEPJBIX TE U 00BSICHEHWE CBOMCTB BEIIECTBA HA OCHOBE 3THX Mojelieid. Macca u
pa3mepsl Monekyi. KonunyectBo BemectBa. [locTosiHHas ABoraapo.

TennoBoe paBHoBecue. Temmneparypa u e€ usmepenue. lllkana temmneparyp
Llenbcus.

Mogens upeanbHoro raza. (OCHOBHOE  ypaBHEHUE  MOJIEKYJISIPHO-
KMHETHYECKOW TEOPHH HJACAIbHOTO ra3za. AOCONIOTHas TeMIiepaTypa Kak Mepa
CpeoHEW KWHETHUYECKOW SHEPruM TEIUIOBOTO ABMXKEHMs dvacTtul rasza. lllkama
temnepatyp KensBuna. ['a30BbIe 3akOHBI. YpaBHeHUEe MenneneeBa—Knanelpona.
3akoH [lanproHa. M30mponecchl B UACATBHOM Tra3e C MOCTOSIHHBIM KOJUYE€CTBOM
BemiecTBa. ['paduueckoe mpeACTaBICHUE M3OMPOIECCOB: H30TEPMa, H30X0pa,
n3o0bapa.

TexHuyecknue yCTpOICTBA W MPAKTUYECKOE MPUMEHEHHUE: TEPMOMETD,
OapomeTp.

Jlemoncmpayuu

OmnbITel, JOKa3bIBAIOIIME TUCKPETHOE CTPOCHHE BellecTBa, (oTorpaduu
MOJIEKYJ OPTaHUYECKUX COCIUHEHUIA.

1

OTBITET TTO I[I/I(i)q()giil/ll/l )KHI[KOCTCﬁ N 1Ta30B. j
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Moaenb 6pOyHOBCKOTO IBHKCHHSI.

Mogaens onbita IlITepHa.

OnbITHI, JIOKa3bIBAIOIIINE CYILIECTBOBAHUE MEKMOJIEKYIISIPHOTO
B3aUMOJICHUCTBUA.

Mogens, WILTIOCTpUpYIOIIas IPUPOy AaBICHUS ra3a Ha CTEHKH COCY/a.

OnbITel, WUIIOCTPUPYIOIINE YPAaBHEHUE COCTOSHHS HACAIBHOTO Trasa,
U30IPOLECCHI.

Yuenuueckuii saxcnepumenm, nabopamopuvie pabomul

OmnpeneneHue Macchl BO3AyXa B KJIACCHOM KOMHATE HAa OCHOBE M3MEPEHUU
00BEMa KOMHATHI, TaBJICHUS U TEMITEpaTyphl BO3AyXa B HEH.

HccnenoBanre 3aBUCUMOCTH MEXAY MapaMeTPaMU COCTOSIHUS Pa3pEKEHHOTO
rasa.

Tema 2. Ochoebl mepmoounamuxu

TepMoauHamMuueckass cucremMa. BHYTpeHHSS SHEpPrus TEPMOJMHAMUYECKOU
CUCTEMBI U crioco0bl e€ n3mMeHeHus. KomnuecTBo TemnoTsl u padbora. BHyTpeHHss
SHEpPrusi  OAHOATOMHOTO  HJEATbHOrO  Ta3a. Buael  Temonepenayu:
TEIUIONPOBOJHOCTb, KOHBEKIIUS, U3TyYCHHUE. Y IeJbHAS TEIIOEMKOCTh BELIECTBA.
KonnuecTBo TEIIOTH NpH TEIIONEpeaye.

[lonarue 00 aamabaTtHOM mponecce. llepBbIii 3aKOH TEPMOJUHAMUKH.
[IpumeHnenue mepBOro 3akoHa TEPMOJIMHAMUKH K H3ompoiieccam. ['paduyeckas
WHTEpHIpeTanus padoThl rasa.

BTtopoii 3akon TepmoanHaMuku. HeoOpatumMocTh IPO1IECCOB B IPUPOIE.

TemoBpie  mammHbl.  [IpuHOUWNBI  JEWCTBUST  TEIUIOBBIX  MAIIMH.
[IpeobpazoBanust ’HEpPrUM B TEIUIOBBIX MamuHax. KosdduiuueHT mnose3Horo
nericTBus TeruioBod MamuHbl. [{ukn KapHo um ero ko3pduIMEHT MOJIe3HOTO
JENUCTBUS. DKOJIOTHUYECKUE TMPOOIEMbI TEIUIOIHEPTETUKH.

TexHuyeckue YCTpOHMCTBA M MPAKTUYECKOE TMPUMEHEHHWE: JIBUTATEIb
BHYTPEHHETO CropaHusi, ObITOBON XOJOAWIbHUK, KOHAUIIMOHED.

Jlemoncmpayuu

W3meHeHne BHYTpPEHHEH HSHEPruy Tella MPHU COBEPIICHUH PaOOThI: BBUIET
npoOku U3 OyTBUIKM TOJ JEWCTBHEM CXATOrO BO3JyXa, HarpeBaHue 3Qupa B
JaTYHHOU TpyOKe MyTEM TpeHHsl (BUIECOAEMOHCTPALINS).

N3meHeHue BHYTpEHHEH SHEpTrUn (TeMIlepaTyphl) Teja Npu Terionepeaaye.

OnswIT N0 aIabaTHOMY PACHTUPEHUIO BO3ayXa (OIBIT C BO3AYIITHBIM OTHUBOM).

Mopnenu napoBoil TypOUHBI, ABUTATEIS BHYTPEHHETO CTOPAHUS, PEAKTUBHOTO
JIBUTATEJIS.

Yuenuueckuii sxcnepumenm, 1abopamopusie padbonvl

N3mepenue yaeapHON TENI0EMKOCTH.

Tema 3. Acpecammnvie cocmoanusn eeutecmea. Pazoevie nepexoovl

[TapooOpa3oBanue u koHjaeHcanus. Vcrnapenue u kuneHue. AOCONIOTHAS |
OTHOCHUTENIbHASL BJIAXKHOCTh BO3Ayxa. HacellleHHBIM mnap. YaenbHas TeEmiIoTa
napooOpa3oBaHusl. 3aBUCUMOCTb TEMIIEPATYPbl KUIIEHUSI OT AaBJICHHUS.
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Tsépnoe teno. Kpucrammueckue u amopdubie Tena. AHU30TPONUS CBONCTB
kpucrtamioB. JKunkue kpucramuibl. CoBpeMeHHble Marepuanbl. [lnaBineHue u
KpUcTayuM3anus. Y aefibHas TerioTa miasieHus. Cyonumarusi.

VYpaBHeHUE TEMIOBOTO OaiaHca.

TexHHUYecKue yCTpPOMCTBA M MPAKTUYECKOE IPUMEHEHHE: THIPOMETP H
MICUXPOMETP, KaJOPUMETP, TEXHOJIOTUHU TMOJIYYSHHUSI COBPEMEHHBIX MAaTEpPHUAIIOB, B
TOM YHCJIE€ HAHOMATEPHUAJIOB, 1 HAHOTEXHOJIOTHH.

Jlemoncmpayuu

CBolicTBa HACBHIIIEHHBIX NTAPOB.

Kunenue npu noHW>KEHHOM JIaBJICHUHU.

CriocoObl U3MepeHus BIAXKHOCTH.

HabGnronenue HarpeBanus U MaBJieHUsT KPUCTAUIMUECKOTO BEIlIeCTBA.

JleMoHCTpanus KpUCTaIOB.

Yuenuueckuii sxcnepumenm, 1abopamopnsle pabomuwl

M3MmepeHre OTHOCUTENIBHOM BIIaKHOCTH BO3/1yXa.

Pa3znen 4. JiaekrpoauHamMuKa

Tema 1. Inexkmpocmamuxa

DnexTpuzanus Ten. JNeKTPUIEeCKuil 3apsa. JIBa BU1a 3JEKTPUUYECKUX 3apsI0B.
[IpOBOJHMKM,  JMAJIEKTPUKM M IOJYOPOBOJHUKH. 3aKOH  COXPAHEHMS
AIEKTPUYECKOTO 3apsa.

B3anmoneiictBue 3apsanoB. 3akoH Kynona. TodeuHbIl AJIEKTPUYECKUM 3apsia.
Onekrpudeckoe mnone. Hanpsok€HHoOCTe  dmekTpudeckoro moiid.  [IpuHuumn
CYIIEpPIIO3ULIMHA JJIEKTPUUECKUX MoJied. JIMHUM HanpsyKEHHOCTH AJIEKTPUYECKOTO
IOJISL.

Pabota cun anekTpocrarudeckoro nosjs. [loreniuan. Pa3HOCTh MOTEHITMATIOB.
[IpOBOHUKM M JUAJIEKTPUKU B DJIEKTPOCTATHUYECKOM moje. [luanexTpuueckas
IIPOHUIIAEMOCTb.

OnextpoémkocTs. KoHaeHcaTop. DNEeKTpOEMKOCTh TUIOCKOIO KOHAEHCATOpA.
OHeprus 3apsHKEHHOT0 KOHJIEHCAaTopa.

TexHuyeckue yCTpOMCTBA M MNPAKTUYECKOE IPUMEHEHUE: BJIEKTPOCKOI,
AIEKTPOMETP, DJIEKTpOCTaTHUeCKas 3alluTa, 3a3€MJICHHE 3JIEKTPONpUOOpOB,
KOHJIEHCATOP, KOMUPOBAJIBHBIN aIapar, CTPYWHBIN IPUHTED.

Jlemoncmpayuu

YCTpOUCTBO U PUHLUII IEUCTBUSA DJIEKTPOMETPA.

BzaumopaencTBre Ha3IEKTPU30BAHHBIX TEJL.

DJIEKTPUUECKOE MOJIE 3aPSIKEHHBIX TE.

[TpOBOJTHHKH B 3JIEKTPOCTATUYECKOM IOJIE.

DnekTpocTaTHyecKas 3amuTa.

JIMDNEKTPUKY B AIEKTPOCTATUYECKOM TOJIE.

3aBUCHUMOCTh JJIEKTPOEMKOCTH IUIOCKOIO KOHAEHCAaTtopa OT IUIOIIAAH
IUIACTHH, PACCTOSIHUSA MEXAY HUMHU U JUAJIEKTPUYECKON MPOHUIIAEMOCTH.

OHeprus 3apsHKEHHOT0 KOHJIEHCATopa.

.YyrlleHI/lll€CKI/llZ IKCNnepUuUMerm, Jzaoolpamopnble paoombol .
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N3mepenne 25eKTpOEMKOCTH KOHAEHCATOPA.

Tema 2. Ilocmosannwiii 21ekmpuyeckuii mok. Toku ¢ paznuunvix cpeoax

DJIEKTPUYECKUM TOK. YCIOBHS CYIIECTBOBAHUS DIIEKTPUYECKOIO TOKAa.
Nctounuku Toka. Cuina toka. [locTosiHHBIN TOK.

Hanpsoxenue. 3akon OMa 151 yHacTKa LETIH.

DJIEKTPUYECKOE COMPOTUBIICHHE. YIEIBbHOE CONPOTHBIECHUE BEUIECTBA.
[TocnenoBaTenpHOE, NApaIENbHOE, CMEIIAHHOE COEIMHEHUE TIPOBOITHUKOB.

PabGora »snexktpuueckoro Toka. 3akoH Jxoyms—Jlenma. MoIHOCTb
AIEKTPUYECKOTO TOKA.

DNEeKTpOABMXKYLIasl Cujla M BHYTPEHHEE CONPOTUBIECHUE HCTOYHHKA TOKAa.
3axon Oma i1 OJTHOM (3aMKHYTOM) 3yiekTpuueckon nenu. Kopotkoe 3ambikaHue.

OJIEKTpOHHAas  MPOBOAUMOCTb  TBEPIABIX  METAUIOB.  3aBUCHUMOCTH
CONPOTHUBJIEHUS METAIJIOB OT TeEMITepaTypbl. CBEPXIPOBOIUMOCTb.

DIIEKTPUYECKHUM TOK B BaKkyyMme. CBOMCTBA IEKTPOHHBIX ITyYKOB.

[TomynpoBOAHUKH. Cob6cTBeHHas 151 IIPUMECHAs IIPOBOJIUMOCTD
noJIynpoBoHUKOB. CBocTBa p—n-niepexo/ia. [lomynpoBoIHUKOBBIE TPUOOPHI.

ONEeKTpUYeCKUd TOK B  pacTBOpax M pacIjiaBax  AJIEKTPOJIUTOB.
DIEKTPOIUTHYECKAs JUCCOUUALNS. DIEKTPOIIH3.

DJIEKTpUYECKU TOK B raszax. CaMOCTOSTENbHBIA W HECAMOCTOSTEIbHBIN
pa3psa. Momuus. [Inazma.

TexHn4eckue YCTpPOWCTBA U IIPAKTUYECKOE MPUMEHEHHUE: aMIIEpMETP,
BOJBTMETP, PEOCTaT, HCTOYHUKU TOKA, DJJICKTPOHArpeBaTelbHbIE MNPUOOPHI,
AIIEKTPOOCBETUTEIIbHBIE TTPUOOPHI, TEPMOMETP COMPOTUBJICHUS, BAKYYMHBINA AUO/I,
TEPMUCTOPBI U (OTOPE3UCTOPHI, MOTYIPOBOTHUKOBBIN MO/, TAJIbBAHUKA.

Jlemoncmpayuu

W3mepeHne CUiTbl TOKA U HaIPSKEHUS.

3aBUCMMOCTh CONPOTHUBIICHUS HWIMHAPUYECKUX NPOBOJHUKOB OT JIMHBI,
IJIOIIA/IN TIOTIEPEYHOTO CEYEHHUSI M MaTepuaa.

CMelanHOE COeIMHEHNE TPOBOIHUKOB.

[Ipssmoe wW3MepeHue dIEeKTPOABWXKYIIEW cuiibl. KopoTkoe 3aMblkaHue
rajJbBaHUYECKOI0 3JIEMEHTA U OLIEHKA BHYTPEHHETO CONIPOTUBIICHUS.

3aBUCUMOCTb CONIPOTHUBJIEHUSI METAILUIOB OT TEMITEPATYPHI.

[IpoBOAMMOCTB 3IEKTPOIUTOB.

HckpoBoii pa3psil ¥ MPOBOJAUMOCTD BO3/1yXa.

OHOCTOPOHHSISI TPOBOAMMOCTD AUO/IA.

Yuenuueckuii sxcnepumenm, 1abopamopusie padbonul

N3ydeHne cMEmaHHOI0 COEIMHEHUS PE3UCTOPOB.

N3Mepenue 3MeKTpOABMKYIIEH CUJIbl UCTOYHHKA TOKA U €r0 BHYTPEHHETO
COIIPOTUBIICHUSL.

HaoGmroienne amekTpoimsa.

[okymMeHT co3aaH B 3nekTpoHHon chopme. Ne 253 ot 02.10.2023. UcnonHutens: Mnsizosa IM.o. r.I’BJTEKTPOHHbIﬁ
CrpaHuua 11 us 33. CTpanuua cosgara: 02.10.2023 10:35 =¥ TATAPCTAH



MexnpeaMeTHbie CBA3H

N3yuenne kypca ¢usuku 0a3oBoro ypoBHsa B 10 kjacce ocCyIIecTBIsIETCS ¢
Y4ETOM COAEPIKATEIBHBIX MEKIIPEAMETHBIX CBSI3€d C KypcaMH MaTEMaTHKH,
OMONOTHH, XUMHH, Teorpaduu U TEXHOJIOTHUH.

Mesicnpeomemnvle nousimusi, CBA3aHHBIE C U3YYEHHEM METOJOB HAY4YHOTO
NO3HAHUS: SIBJICHUE, HAy4HbId (hakT, runores3a, (Qu3nmueckas BeIMUYMHA, 3aKOH,
Teopusl, HAOIIOAEHHE, IKCIIEPUMEHT, MOJICIIUPOBAHHUE, MOJIETb, U3MEPEHUE.

Mamemamuxa: pelnieHHe CHCTEMbl ypaBHEHUH, JUHEHHas (QyHKIu,
napaboia, runepooia, ux rpauKud U CBOMCTBA, TPUTOHOMETpUUECKUE (DYHKIUU:
CHUHYC, KOCHHYC, TAHI'€HC, KOTAHT'€HC, OCHOBHOE TPUTOHOMETPUUECKOE TOKIECTBO,
BEKTOPBI M UX IPOEKIIMHU Ha OCU KOOPJMHAT, CIIOKEHUE BEKTOPOB.

Buonocus: mexaHndyeckoe JBUKEHUE B KMBOW mpupojae, Aupdysus, ocMmoc,
TEIJI000MEH KMBBIX OPraHU3MOB (BUAbI TEILIONEPEIayH, TEMIOBOE PABHOBECHE),
AIIEKTPUUECKUE SIBJIEHUS B KUBOM MPUPOJIE.

Xumus: TACKPETHOE CTPOEHUE BEIIECTBA, CTPOCHHE ATOMOB U MOJIEKYJI, MOJIb
BEILECTBA, MOJIIPHAsI MAcca, TEIUIOBBIE CBOMCTBA TBEPABIX TEJI, )KUJIKOCTEN U ra3oB,
NIEKTPUYECKUE  CBOWCTBA  METAJUIOB,  JJIEKTPOJIMTHYECKAass  JUCCOLMALus,
rajbBaHUKA.

I'eocpaghus: BIa)XHOCTb BO3/1yXa, BETPbI, 0apOMETp, TEPMOMET.

Texnonozus: npeoOpa3oOBaHUE JBHKEHUN C HCHOJIb30BAaHUEM MEXaHH3MOB,
y4€T TpPEeHUS B TEXHHUKE, IOJIIMIIHUKY, HCIOJb30BaHUE 3aKOHA COXPAHEHUS
UMITyJIbca B TEXHUKE (pakeTa, BOAOMET M JApPYTHUE), JBHUraTeidb BHYTPEHHETO
cropanusi, mapoasi TypOMHa, OBITOBOM XOJOJUIBHUK, KOHAUIIMOHEP, TEXHOJIOTUU
MOJIy4YEHUs] COBPEMEHHBIX MAaTepHalioB, B TOM YHCIE€ HAHOMATEpPUAJIOB, U
HAHOTEXHOJIOTHH, 3JIEKTPOCTAaTHYECKasl 3alluTa, 3a3eMJICHHE 3JIEKTPOIPUOOpPOB,
KCEpOKC, CTPYMHBIN IIPUHTED, AJIEKTPOHArpeBaTENbHbBIC npubopBkl,
AIIEKTPOOCBETUTEIbHBIE MPUOOPHI, raIbBaHUKA.

11 KIIACC

Paznen 4. JaekrpoauHamMuka

Tema 3. Macnummnoe none. I1eKmpoMazHUMHAA UHOYKYUA

[ToctostHHBIE MarHuTHL. B3anmoaencTBE NOCTOSSHHBIX MArHUTOB. MarHuTHoe
nosne. Bekrop marauTHOM MHAYKIMU. [IpuHIMN Cyneprno3uiu MarHUTHBIX ITOJIEH.
Jluvann MarHuTHOW WHAYyKUMW. KapTWHa JWMHUKA MAarHATHOW WHIAYKLIHMHU TOJIS
MOCTOSIHHBIX MAarHUTOB.

MarautHOE T1I0J€ TPOBOJHHMKA C TOKOM. KapTuHa JMHUN WHIYKUHU
MAarHUTHOI'O TOJISL JUIMHHOTO MPSIMOTO NPOBOAHMKA U 3aMKHYTOIO KOJIBLIEBOTO
MIPOBOJAHUKA, KaTylIIKH ¢ TOKOM. OnbIT Opcrena. BzanmoneicTBre npoBOJHUKOB €
TOKOM.

Cunia Amniepa, €€ MOIyJIb U HalpaBJICHUE.

Cuia Jlopenua, €€ MOlyJib U HarpaBlieHHe. J[BuxkeHre 3apsAKEHHON YaCTULIbI
B OJIHOPOJHOM MarHuTHOM mose. Pabota cuinel Jlopenna.
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SIBieHMe DNEKTPOMArHWTHOM HMHAYKIUU. IlOTOK BEKTOpa MarHMTHOM
WHIYKIUU. OJIEKTPOJBMXKYILAsA CUla HWHAYKIMU. 3aKOH JJIEKTPOMAarHUTHOW
uHaykuuu Papanes.

BuxpeBoe »snekTpuyeckoe Tosie. ODJIEKTPOJABIKYIIAs CUjla WHIYKIUU B
IIPOBOJIHUKE, IBUKYIIEMCS ITOCTYIIATENBHO B OJJHOPOJHOM MAarHMTHOM MOJIE.

[IpaBuno Jlenua.

NHIyKTUBHOCTh.  SIBIEHHE CAaMOMHAYKUHMH. OJEKTPOABIKYIIAs CHIIA
CaMOMHAYKIIHH.

DHeprus MarHUTHOTO TOJISI KATYIIKH C TOKOM.

DNEeKTPOMarHUTHOE TMOJIE.

TexHuyeckue yCTpOMCTBA M NPAKTUYECKOE NPHUMEHEHHE: TOCTOSHHBIC
MAarHuThl, 3JEKTPOMArHUTHI, BJIEKTPOABUTATENIb, YCKOPUTEIN 3JIEMEHTapHBIX
YacTUIl, UHIYKIIMOHHAS T1€Yb.

Jlemoncmpayuu

OmneIT Dpcrena.

OTKIJIOHEHHE 3JIEKTPOHHOTO ITyYKa MarHUTHBIM IOJIEM.

JIvHUM UHAYKIIUA MarHUTHOTO MOJIA.

B3anmonenicTBre 1BYX IPOBOJIHUKOB C TOKOM.

Cuna Amnepa.

[evictBre cuibl JIopeHI1a Ha HOHBI SJIEKTPOJIUTA.

SIBiieHME 2IIEKTPOMAarHUTHON MHIYKIMH.

[IpaBuiio Jlenna.

3aBUCUMOCTD JJIEKTPOJIBUAKYIIEH CHIIBI MHAYKIHAH OT CKOPOCTH M3MEHEHUSA
MarHUTHOTO MOTOKA.

SIBneHne cCaMOMHAYKIIUH.

Yuenuueckuii sxcnepumenm, 1abopamopHule pabomol

N3ydyeHrne MarHuTHOTO MOJIsl KATYIIKH C TOKOM.

HccnenoBanne AeWCTBUA NOCTOSSHHOTO MAarHUTa Ha PaMKy C TOKOM.

HccnenoBanue ABICHUS 3JIEKTPOMArHUTHOW UHTYKIIAH.

Paszgea S. KoJsieOanusi 1 BOJIHBI

Tema 1. Mexanuueckue u 31eKmpoOMaZHUMHbLE KONEOAHUA

Konebarenbnas  cucrema.  CBOOOIHBIE  MEXaHUUYECKHE  KOJeOaHUS.
["apmonnyeckue konebanms. [lepumona, wactora, amrmumryga u ($aza KoieOaHUU.
[IpyXVHHBIN MasATHUK. MaTreMaTU4eCKU MasTHUK. Y PaBHEHUE TapMOHHUYECKUX
koJiebanuii. [IpeBpaiiieHre HEPrun Mpyu rapMOHUYECKUX KOJICOAHUSIX.

Konebarenbupiii kKOHTYp. CBOOOJHBIE JJIEKTPOMAarHUTHBIC KOJEOaHUS B
UJICATHPHOM KOJICOATEIbHOM KOHTYpE. AHAJIOTHS MEXIYy MEXaHUYECKUMHU U
AJIEKTPOMAarHUTHEIMU KoJieOanusimu. dopmyna Tomcona. 3akoH coxpaHEHUs
HHEPrUM B UJEATBHOM KOJIeOATEIHbHOM KOHTYDE.

[IpeacraBnenue o 3aryxaroumx kojieOaHUAX. BbIHYK/IEHHbIE MEXaHUYECKUE
KojeOanus. Pezonanc. BeiHyKeHHBIE 2JIEKTPOMArHUTHBIE KOJIeOaHMs.
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[lepemennbiii  TOK. CUHYCOHWJANbHBIM IEPEMEHHBIA TOK. MOIIHOCTB
MIEPEMEHHOT0 TOKAa. AMIUIMTYIHOE€ W JCHCTBYIOLIEE 3HAYEHUE CHUJIbl TOKA U
HaIpsKECHUS.

Tpanchopmarop. IlpousBoacTBo, nepenadya U MOTPEOICHUE AIIEKTPUIECKON
SHEPIruM. DKOJIOTUYECKHE PUCKHU TPU MPOU3BOJICTBE NIeKTpodHepruu. Kynbrypa
MCIIOJIb30BaHUs JIEKTPOIHEPTUH B TOBCETHEBHOM )KU3HH.

TexHuyeckue yCTpOWCTBA W MPAKTUYECKOE MPUMEHEHHUE: SIICKTPUUYECKUI
3BOHOK, T€HEPATOP MEPEMEHHOT0 TOKA, TUHUU AJIEKTpoIepeaay.

Jlemoncmpayuu

HccnenoBanre mapaMeTpoB KojeOAaTeNbHON CHUCTEMBI (NIPY>KUHHBIA WM
MaTeMaTUYECKU MAsITHUK).

HaGmronenue 3atyxaromux KojieOaHui.

HccnenoBanrie CBONCTB BBIHYKJICHHBIX KOJICOAHUH.

HaOmnronenue pezonanca.

CB0OOOIHBIE AIEKTPOMArHUTHBIE KOJICOAHUSI.

OcumnorpaMMsl (3aBUCHUMOCTH CUJIbI TOKA U HAMPSHKEHUS. OT BPEMEHU) IS
AIIEKTPOMArHUTHBIX KOJICOAHUIA.

Pe3onanc nmnpu MOCIENOBATEIbBHOM COCAMHEHUU PE3UCTOpPA, KaTYIIKU
WHIYKTUBHOCTH U KOHJIEHCATOPA.

Mopenb TMHUY AIEKTPONEPEAAUH.

Yuenuueckuii sxcnepumenm, 1abopamopHule pabomol

HccnenoBanre 3aBUCUMOCTH TIEpUOIa MaJbIX KOJIeOaHUM rpy3a Ha HUTU OT
JUTUHBI HUTU U MacChl Ipy3a.

HccnenoBanre nepeMeHHOTO TOKA B IIEMU U3 MOCIE0BATEIBLHO COCTMHEHHBIX
KOHJIEHCATOpa, KaTYILLK! U pe3UcTopa.

Tema 2. Mexanuueckue u 31eKmpoMaZHUMHbLE 60JIHbL

Mexanuueckue BOJIHBI, YCHOBUS pacnpocTpaHenus. [lepuon. CxkopocTb
pacrpocTpaHeHuss W JyiMHA BOJHBI. [lomepeyHble W MPOAOJBbHBIC BOJIHBI.
WnTtepdepenius u iudpaxiys MEXaHUIECKUX BOJIH.

3Byk. CkopocTh 3ByKa. [ poMmkocTh 3Byka. Beicora Tona. TemOp 3ByKa.

DONEeKTPOMAarHUTHBIE BOJHBI. Y CIOBUS M3ITyYEHUS 3JIEKTPOMArHUTHBIX BOJIH.
B3anmnas opuentanusa BektopoB E, B, V B anektpomarautHoi BoiHe. CBOMCTBa
AJIEKTPOMArHUTHBIX BOJIH: OTPaKCHHUE, MpeoMJIeHue, NoJisapu3anus, Judpakius,
unTepdepenius. CKOpocTh dJIEKTPOMATHUTHBIX BOJIH.

[[Ixana 37€KTPOMarHUTHBIX BOJH. [IprMeHEeHuEe 3JIeKTPOMArHUTHBIX BOJIH B
TEXHUKE U OBITY.

[TpyuHUMITBI PAIMOCBS3U U TENEBUACHUSA. Paguookanus.

DJIEKTPOMAarHUTHOE 3arpsi3HEHUE OKPYKAKOLIEH CPEBI.

TexHuyeckue yCTpPOMCTBa M MPAKTUUYECKOE NPUMEHEHHE: MY3bIKAIbHBIC
WHCTPYMEHTHI, YJbTPa3BYKOBasi JUArHOCTUKA B TEXHUKE M MEAUIMHE, pajaap,
panuonpuéMHHUK, TEJIEBU30p, aHTeHHA, TenedoH, CBY-neusb.

Jlemoncmpayuu

O6pa3oBaHue U pacIPOCTPAHEHUE OTIEPEUHBIX U MPOIOJIBHBIX BOJIH.
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KoneGmromieecs Teao Kak HICTOYHHUK 3BYKa.

HabGnronenue orpakeHus: M NpeIOMIICHUS] MEXaHUYECKHUX BOJIH.

Hab6mronenue nntepdepenunu u qudpakiiud MEXaHUYECKUX BOJIH.

3BYKOBOI pe30HAaHC.

Habnrogenue cBsi3u TPOMKOCTH 3BYKa M BBICOTBI TOHA C aMIUIUTYAOW H
4acTOTOM KoJieOaHUM.

HccnenoBanre CBOMCTB 3JIEKTPOMAarHUTHBIX BOJIH: OTPAXKEHUE, TPETIOMIICHHE,
noJisipu3anus, 1udpaxkuus, HHTephepeHIINs.

Tema 3. Onmuka

['eomerpuueckas onrtuka. lIpsmoiMHENHOE pacHpOCTpaHEHUE CBETa B
ogHOopoaHOU cpexe. JIyu ceera. ToueyHbId ICTOYHUK CBETA.

OTtpakeHue cBera. 3aKOHbI OoTpaxkeHusi cBeTa. [locTpoeHue n3zoOpaxeHuit B
IIJIOCKOM 3€pKaJe.

[IpenomieHue cBeta. 3aKOHBI MPEIOMIICHUS CBeTa. AOCOIIOTHBIN MOKA3aTeNb
npenomiieHus. llonHoe BHyTpeHHee oTpaxeHue. [IpenenbHbll yroa MOJHOTO
BHYTPEHHETO OTPaKCHHSI.

Hucnepcus cseta. CiioxxHbIi cocTaB Oenoro ceera. LBer.

Cobuparomiyie 1 paccenBarolye TuH3bl. ToHkas TnH3a. DOKyCHOE paccTosIHUE
Y ONTHYECKas cuiia TOHKOW JuH3bIL. [locTpoenune n3zoOpaxeHuil B cOOMparOMUX U
paccenBaromux JuH3ax. @opMyna TOHKOM JIMH3bI. Y BETUYEHUE, JaBAEMOE JIMH30M.

[Ipenensl NpUMEHUMOCTHA FEOMETPUUYECKON ONTHUKHU.

BonnoBas ontuka. Wutepdepenuusi cBeta. KorepeHTHble HCTOYHUKH.
VYcnoBuss HaOMIOEHUS MAaKCUMYMOB M MHHMMYMOB B HHTEp(EpEHIIMOHHON
KapTUHE OT JIBYX CHH(]a3HBIX KOT€PEHTHBIX UCTOYHUKOB.

Hudpakuus cBera. JudpakuuonHas peméTka. YcCIoBUE HaOMIOACHUS
INIABHBIX ~MaKCMMyMOB TIpM TAaJE€HUM MOHOXPOMATHYECKOTO CBETa Ha
TU(PPaKIIUOHHYIO PEIIETKY.

[Tonspuzanus ceera.

TexHuyeckue yCTpPOWCTBAa M TMPAKTHUYECKOE IPUMEHEHUE: OYKH, JyIa,
doToamnmapaT, NPOEKIIMOHHBINA amnmapaTr, MHKPOCKOM, TEJIECKOI, BOJOKOHHAs
OITHKA, TU(PPAKITMOHHAS PEIIETKA, TTOJISIPOUI.

Jlemoncmpayuu

[IpssMonMHEHOE pacnpOCTPaHEHUE, OTPAKEHUE U NPEIOMIICHHUE CBETA.
OnTuyeckue mpruodopHI.

[TomHOE BHYyTpEeHHEE OTpaxkeHre. Mojiesb CBETOBOAA.

HccnenoBanue CBONCTB M300paKEHUH B JIMH3aX.

Mogenu MUKpPOCKOIIa, TEJIECKOIIA.

HaOmronenue natepdepeHinm ceera.

Hab6mronenune nudpaxium ceera.

HabOmronenne nucnepcuu cBera.

[TonyuyeHne ciekTpa ¢ MOMOUIBIO NPU3MBI.

[TonyueHue ciekTpa ¢ MOMOIILI0 TUPPAKIIMOHHON PEIIETKH.

HaOnronenue nosisipuzanuu CBETA.
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Yyenuueckuii sxcnepumenm, 1abopamopusie pabomol
N3MepeHue nokaszaress NpeioMIICHUS CTEKIIA.
HccnenoBanre CBONCTB M300paKEHUH B JIMH3aX.
HaOnronenue nucnepcuu cBera.

Pa3znesn 6. OcHOBBI CIeUAJIBbHON TEOPHUH OTHOCHUTEILHOCTH

[ paHuIBI IPUMEHNMOCTH KJIACCHYECKON MeXaHuKU. [locTynaTel ciennaibHON
TEOPUH OTHOCHUTEIBHOCTH: MHBAPUAHTHOCTh MOJYJISI CKOPOCTH CBETA B BaKyyMe,
MPUHIIUAI OTHOCUTEIBHOCTU DUHINTEHHA.

OTHOCHUTENBLHOCTh OJJTHOBPEMEHHOCTH. 3aMEJJIEHUE BPEMEHU W COKpAICHUE
JUTUHBI.

DHeprus U UMNYJIbC PEIATUBUCTCKON YaCTUIIBI.

CBs13b MaccChl C SHEPrUel U UMITYJILCOM PEIITUBUCTCKON YaCTUIIbl. DHEPTUS
MOKOSI.

Pazgea 7. KBanToBasi pusuka

Tema 1. dnemenmol K6AHMOBOU ONMUKU

®otonbl. opmyna [lnanka cBsi3u SHEPrUM POTOHA C €T0 YACTOTON. DHEPrus
U UMITyJbC (pOTOHA.

OTtkpoiThe 1 ucciegopanue poroddpdexra. OnbiTel A. I'. CtoneroBa. 3aKoHbI
dotorpdexra. YpaBuenue DiHmTeitHa 11 poTodpdexra. «KpacHasd rpaHuna»
dboTorddexra.

JHaBnenne cBera. OnbiThl [1. H. JleOGenena.

XUMHUYECKOE IEUCTBUE CBETA.

TexHHuuecKkue YCTPONCTBA M MPAKTHUECKOE NpPUMEHEHHE: (OTOIIEMEHT,
(dboToaTYMK, COJIHEUHAsl OaTapest, CBETOAUO/I.

Jlemoncmpayuu

®doTo3(dQdeKT Ha yCTAaHOBKE ¢ IMHKOBOM IJIACTHHOM.

HccnenoBanue 3akoHOB BHeEIIHET0 (poToaddekTa.

CBeToauon.

Conneunas Oarapest.

Tema 2. Cmpoenue amoma

Mopnens atoma Tomcona. OmbiTel Pesepdopna mo paccessHUIO 0 -4acTHIL.
IImanerapHas Mmogmens aroMma. llocrynatel bopa. M3nydyenue u moriomeHue
(GOTOHOB MpU Mepexoje aToMa C OJHOIO YPOBHSI SHEPrHMM Ha Jpyroil. Bujel
criekTpoB. CIIEKTp ypOBHEW SHEPTUM aTOMa BOJAOPOA.

BousiHoBBIE cBOVicTBAa yacTull. BosHbl ne bpoiiis. KoprycKyisipHO-BOJIHOBOM
JTyaJiu3M.

CroHTaHHOE U BBIHYKJICHHOE U3ITyUYECHHE.

TexHuueckue yCTpOMCTBA M IPAKTUYECKOE IPUMEHEHHUE: CIIEKTPaJbHbIN
aHanu3 (CIEeKTPOCKOI), JIa3ep, KBAHTOBBIN KOMITBIOTED.

Llemoncmpayuu

Mopnens onsita Pesepdopra.
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HabOnroneHnue TMHeYaTbIX CIIEKTPOB U3IYyYEHUS.

Jlazep.

Yuenuueckuii sxcnepumenm, 1abopamopusie padbonvl

Habnrogenue IMHEH4aToro CuekTpa.

Tema 3. Amomnoe a0po

OKCIEpUMEHTBI, JTOKA3bIBAIOIIUE CIIOXKHOCTh CTpOeHUs sAnpa. OTKpbITHE
paanoaktuBHOCTH. OnbITh Pe3epdop/a 1o onpeeaeHnIo cocTaBa paguoakTUBHOTO
m3nydenns.  CBoiictBa  ambda-, Oera-, ramMMma-usydeHus.  BrusHue
PaJOAKTUBHOCTH HA KUBBIE OPTraHU3MBI.

OTtkpeiTHE TIpOTOHA M HeWTpoHa. HyknonHas monens siapa IeiizenOepra—
NBanenko. 3apsan sapa. MaccoBoe uncno sapa. M30Tormsl.

Anbba-pacnaa. DIEKTpPOHHBIM W MO3UTPOHHBIM Oerta-pacman. ['amma-
U3JIlydeHre. 3aKOH PaJuOaKTUBHOTO pacIaja.

DHeprus CBA3M HYKJIOHOB B sjipe. Saepubie cuibl. Jlepekt Macchl siapa.

S nepHble peakuuu. Jlenenue u CUHTES sIEp.

SAnepnwiii peaktop. Tepmosinepusiii cuHTe3. [IpoGiaeMbl M TEPCIIEKTHUBBI
AJIEPHOU SHEPTETUKHU. JKOJOTUYECKHUE ACTIEKTHI IEPHON SHEPTETHUKHU.

DiieMeHTapHble YacTUIbl. OTKPBITUE O3UTPOHA.

MeTonbl HAaOJIIOIEHHS U PETUCTPALIUN 3JIEMEHTAPHBIX YaCTHLI.

®dynaameHTanbHble B3auMoecTBUs. EAMHCTBO (GM3HYECKOM KapTUHBI MUpA.

TexHU4ecKue yCTpOMCTBAa M MPAKTUYECKOE NPUMEHEHHUE: JO3UMETP, KaMepa
Buiibcona, siiepHbIil peakTop, aToMHast Oomoa.

Jlemoncmpayuu

Cu€TYrK MOHU3UPYIOIINX YACTHUL.

Yuenuueckuii sxcnepumenm, nabopamopuvie pabomul

HccnenoBanre TpeKoB 4acTHIL (10 TOTOBBIM (GoTOrpadusim).

Pa3znen 8. JjieMeHTBI ACTPOHOMHUY U aCTPOPU3NKH

Otanbl pa3BUTHS acTpoHOMUU. [IpUKIIaiHOE 1 MUPOBO33PEHUECKOE 3HAUEHUE
aACTPOHOMHH.

Bupa 3BénHoro nHeba. Co3Be3ausi, spkue 3BE3MbI, IUIAHETHI, UX BHJIUMOE
JIBUKCHHUE.

ConHeyHas cucTema.

Connne. ConHeuHas akTUBHOCTh. McTounuk sHepruum CojHila U 3BE3.
3BE3bI, UX OCHOBHBIC XAapAKTEPUCTUKHU. J(MarpaMma «CHEKTPaJIbHBIM KJIacc —
CBETUMOCTBY». 3BE3/bl TJIABHOM IMOCIEIOBATEIbHOCTH. 3aBUCUMOCTh «Macca —
CBETUMOCTBY» JJI1 3BE3]l TJIABHOM MOCJIEI0BATEILHOCTU. BHYTpeHHEE CTpOEHHE
3B€311. COBpEMEHHBIE MPEJCTABICHUSI O MPOUCXO0XKACHUU U 3BOIonMU CoJiHIA U
3BE3/1. DTambl )KU3HU 3BE3.

Mineunsiii [Iyte — nama I'amaktuka. [lonoxenune u aBwxkeHue CoyHIA B
lNanaktrke. Tumnsl ramakTuk. PaguoranakTuku U KBasapbl. YEpHBIEC IBIPHI B SIpax
raJaKTHK.

Bcenennas. Pacimpenue Beenennoii. 3akon Xa60ma. Pa3Oeranue ranakTuk.

Teoprmsr boTEIIOTO B3PHIBA. PEIIMKTOBOE W3ITYUCHIE. -
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Macmrabnas crpykrypa Beenennoit. Meraranakruka.

Hepeménnpie mpobieMbl aCTPOHOMUH.

Vuenuuecxue nabnrooenus

HaOnroienusi HEeBOOPYKEHHBIM TJIa30M C HCIOJIb30BAaHUEM KOMITBIOTEPHBIX
MPWIOKEHUHN I ONPENCIICHUS MOJI0KEHNS HEOSCHBIX 00OBEKTOB HAa KOHKPETHYIO
JIaTy: OCHOBHBIE c03Be311s CEeBEpPHOro MOJyIIapys U IPKHUE 3BE3BI.

HaoGmronenus B Teneckon JlyHsl, mutaneT, Miteanoro Ilytu.

O06o0maroniee MOBTOPEHUE

Ponp ¢u3uku uw acTpoHOMHM B O3KOHOMHYECKOW, TEXHOJOTUYECKOMH,
COLIMAJILHON M ATHUECKOM cpepax AesITeIbHOCTH YeTIOBEKA, POJIb U MECTO (PU3UKH U
aACTPOHOMHUU B COBPEMEHHOW HayYHOUW KapTHHE MHpA, poJib (U3UUECKON TEOPUU B
dbopMHpOBaHUU MPECTABICHUHN 0 (HPU3NUECKON KapTUHE MUPa, MECTO (PU3UUECKOM
KapTUHBI MHpa B OOIIEM psJly COBPEMEHHBIX  €CTECTBEHHO-HAYYHBIX
MPEJICTABICHUIN O MPUPOJIE.

MesxknpeaMeTHble CBA3H

N3yuyenue kypca ¢uszuku 0a30Boro ypoBHsA B 11 kiacce ocymiecTBIsIETCS C
YYETOM COAEPKATEIBbHBIX MEXKIIPEAMETHBIX CBA3CH C KypCcaMHM MaTE€MAaTHKH,
OHOJOruu, XUMHUH, reorpaduu U TEXHOJIOTUU.

Meorcnpeomemnvie nonsimusi, CBSI3aHHBIE C W3YyYEHHEM METOJOB HAy4YHOIO
MO3HAHUA: SIBJICHWE, HAay4YHbIA (akT, rumoresa, (puamyeckas BEIMYMHA, 3aKOH,
Teopusi, HaOIIOJICHUE, SKCIIEPUMEHT, MOJICITMPOBAHUE, MOJIEIb, U3MEPEHUE.

Mamemamuxa: pelIeHHWE CUCTEMBbl YPaBHEHUM, TPUTOHOMETPHUUYECKHUE
(GyHKIIUU: CUHYC, KOCUHYC, TAHTE€HC, KOTAHT€HC, OCHOBHOE TPUTOHOMETPUYECKOE
TOXJECTBO, BEKTOPbl M MX MPOEKIHWH HA OCU KOOPAMHAT, CIOKEHHUE BEKTOPOB,
MPOU3BOIHBIC DJIEMEHTAPHBIX (DYHKIMI, TPHU3HAKK TOJ00US TPEYrOJIbHHUKOB,
oTpejiesIeHHE TUIONIAIN TIIOCKUX PUTYp U 00bhEMa Tell.

buonocus: »nektpuueckue SBICHUS B JKUBOM MpupoJe, KoseOaTeabHbIe
JIBUKEHHS B )KUBOW MPUPOJIEC, ONTUUYECKUE SIBIICHUS B KUBOM MPUPOAE, NCUCTBUE
paaualyy Ha )KUBbIE OPraHU3MBI.

Xumus: CTPOEHHE aTOMOB M MOJIEKYJ, KPUCTAJUINYECKAsI CTPYKTYpa TBEPIBIX
TeJI, MEXaHW3Mbl 00pa30BaHUs KPUCTALNTUIECKON PEIIETKH, CTIEKTPATbHBIN aHAN3.

l'eocpagpua: wmarHuTHBIE TIONIOCA 3€MJIM, 3aJI€KW MArHUTHBIX Py,
dhoTochEMKa 3eMHOM MMOBEPXHOCTHU, MPEJCKaA3aHUE 3eMIICTPSCCHUIA.

Texnonocua: JHMHUM DIEKTpONEpPEnad, TIEHEPATop IIEPEMEHHOIO TOKa,
AJEKTPOJIBUTATENIb, MHAYKLUHUOHHAs II€Yb, pajap, PaAUONPUEMHUK, TEIIEBU30D,
anTeHHa, TenedoH, CBU-meub, MPOEKIIMOHHBIN anmapar, BOJOKOHHAsl OITHKA,
coJIHEUHas barapes.
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IINTAHUPYEMBIE PE3YJIBTATBI OCBOEHHUA ITPOI'PAMMBI 11O
PU3UKE HA YPOBHE CPEJJHEI'O OBIIEI'O OBPA30BAHUA

OcBoenne yueOHOro mnpeamera «®Du3nka» Ha YpPOBHE CpPEIHEro OOIIEro
oOpa3zoBaHus (0a30BBIM YPOBEHB) JOKHO OOECIEUUTHh JTOCTHIKEHHUE CIICTYIOUTUX
JMYHOCTHBIX, METAIPEIMETHBIX M MTPEIMETHBIX 00Pa30BaTEeIbHBIX PE3yIbTATOB.

JIMYHOCTHBIE PE3YJIBTATBI

JIM4HOCTHBIE pe3yibTaThl OCBOCHMS yueOHOro npenmMera «Dusmkay» T0KHbI
OTpakaTb TOTOBHOCTh M CIOCOOHOCTh OOYYaroUuXcsi PYKOBOJICTBOBATHCS
chOpMHPOBAHHON BHYTPEHHEW TO3WIMEH JIMYHOCTH, CHUCTEMON IIEHHOCTHBIX
OpUCHTAIlMM, TO3UTUBHBIX BHYTPEHHHUX  YOEXKICHUH, COOTBETCTBYIOIIUX
TPAIUIIMOHHBIM IIEHHOCTSIM POCCHUMCKOTO OOIIECTBa, PACIIMPEHUE KU3ZHEHHOTO
OMbITA U OMbITA AEATEIBHOCTH B MPOILIECCE pealn3alii OCHOBHBIX HaIlpaBIICHUI
BOCIIUTATEJIbHOMN AEATEIIBHOCTH, B TOM YUCJIE B YACTH:

1) rpamIaHCKOro BOCIIMTAHMS

c(hOpMUPOBAHHOCTh TPAXKIAHCKON MO3ULIUKU 00YyYaIOIIEerocsi Kak akTUBHOTO U
OTBETCTBEHHOTO WJIEHA POCCUUCKOTO OOIIECTBA;

OPUHATHE  TPAAUIIMOHHBIX  OOIIEYETIOBEUECKMX T'YMAaHUCTUYECKHX |
JIEMOKPAaTUYECKHUX LICHHOCTEW;

TOTOBHOCTh BECTH COBMECTHYIO JICSATEIIBHOCTh B MHTEpPECAX TPaXIAHCKOIO
o0111ecTBa, y4aCTBOBATh B CAMOYIIPABJIICHUU B 00pa30BaTEIIbHON OpraHU3alNY;

YMEHHUE B3aUMOJEHCTBOBATH C COUUAIBHBIMA HHCTUTYTAMU B COOTBETCTBUH C
X QYHKIUSIMU U Ha3HAYCHHUEM;

TOTOBHOCTh K TYMAaHUTAPHOW M BOJOHTEPCKOU JAESATEIBHOCTH;

2) NIaTPHOTHYECKOI0 BOCIIUTAHMSA:

c(hOpMUPOBAHHOCTH POCCUNUCKON IpaXkIaHCKON UEHTUYHOCTH, NAaTPUOTU3MA;

LICHHOCTHOE OTHOILIEHUE K TOCYJapCTBEHHBIM CHUMBOJIAM, JOCTHKECHUSIM
POCCUNCKUX YUEHBIX B 00J1aCTH (PU3UKU U TEXHUKH;

3) 1IyXOBHO-HPABCTBEHHOI'0 BOCIIUTAHUA:

c(hOpMHUPOBAHHOCTh HPABCTBEHHOT'O CO3HAHMSI, STHUECKOTO MTOBEICHUS;

CIIOCOOHOCTh OIICHUBATh CHUTYAaIlMI0 W TMPUHUMATh OCO3HAHHBIE PEIICHWS,
OPUEHTHUPYACh HA MOPAJIbHO-HPABCTBEHHbICE HOPMBI U LIEHHOCTH, B TOM YHUCJE B
JEATEIIbHOCTU YYEHOT0;

OCO3HAHUE JIMYHOTO BKJIaja B MOCTPOCHUE YCTOMUHUBOTO OYIYIIETO;

4) 3cTeTU4eCKOro BOCIIUTAHMSI:

ACTETUYECKOE OTHOUIEHHE K MUPY, BKIIFOYasl 3CTETUKY HAYYHOI'O TBOPYECTBA,
pUCYIIEro (pu3nYecKoi HayKe;

5) TPy10BOI0 BOCIIMTAHMSI:
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UHTEPEC K pa3iuyHbIM cdepaMm npodecCHoHANbHON NeATENbHOCTH, B TOM
YHClIe CBA3aHHBIM C (PU3UKON M TEXHUKOW, yMEHHUE COBEPIIATh OCO3HAHHBIN BHIOOD
Oyay1ieil npodeccun U peaan30BbIBaTh COOCTBEHHBIE JKU3HEHHBIE IIJ1aHbl;

TOTOBHOCTb M CIIOCOOHOCTh K 00pa30BaHUIO U CaMO00pa30BaHUIO B 001acTu
(U3KUKYN Ha IPOTSKEHUH BCEU KU3HU;

6) K0JIOrN4eCKOr0 BOCIIMTAHUSA:

c(OPMUPOBAHHOCTh JKOJIOTUYECKON KYJIbTYpPbI, OCO3HAHHE TJIOOAIBHOTO
XapakTepa dKOJIOTMYECKUX Mpodiiem;

IUIAHUPOBAHKE U OCYILECTBIICHNE JEHCTBUN B OKPYKAIOLIEH Cpelle HA OCHOBE
3HAHUSA LEJIEW YCTOMYMBOIO Pa3BUTHSI YEIIOBEUECTBA;

paclIMpeHre OmbITa JEATEIBHOCTH JKOJOTMYECKOM HaNpaBICHHOCTU Ha
OCHOBE UMEIOIINXCS 3HAaHUH 10 (PHU3UKeE;

7) IEHHOCTH HAYYHOI'0 MIO3HAHMA:

C()OPMUPOBAHHOCTh MMPOBO33PEHUS, COOTBETCTBYIOUIETO COBPEMEHHOMY
YPOBHIO pa3BUTHUA (PU3NYECKON HAYKHU;

OCO3HAaHHE LEHHOCTH HAy4YHOM [EATEIbHOCTH, T'OTOBHOCTH B IPOLECCE
U3y4eHUs (U3UKHN OCYIIECTBIISATh MPOEKTHYIO U UCCIEA0BATEIbCKYIO IEATEIbHOCTh
VHIUBUyAJIbHO U B TPYyIIIIE.

METAIIPEIMETHBIE PE3YJIBTATBI

Ilo3HaBaTe/ibHbIE YHHBEPCAJILHbIE yUeOHbIE JeiiCTBUSA
ba3oBble jornueckune geiicTBUs:
CaMOCTOATENLHO  (QOpMyJIMpOBaTH W aKTyallu3UpOBaTh  Mpoliemy,
paccMaTpuBaTh €€ BCECTOPOHHE;
OMPENENATh ILENH JeATeIbHOCTH, 3aJaBaTh MapaMeTpbl U KPUTEPUH HX
JIOCTUKEHUS,
BBISBJISITh  3aKOHOMEPHOCTM M MPOTUBOPEUYUST B  paccMaTpUBaeMbIX
bu3YeCcKuX SIBICHUSIX;
pa3pabaThiBaTh IJIaH PEIICHHS MPOOJEMBbI C YYETOM aHAlIU3a WMEIOIIUXCS
MaTepUAJIbHBIX U HEMATEPUAIIbHBIX PECYPCOB;
BHOCUTH KOPPEKTHUBBI B JICSITEILHOCTh, OLICHUBATH COOTBETCTBUE PE3YyJIbTATOB
LEJISIM, OLIEHUBATh PUCKU MOCJIEICTBUIN JEATEIbHOCTH,
KOOPJIMHUPOBATH ¥ BBITIOHITH pabOTy B YCIOBHUSAX PEaJbHOTO, BAPTYATHHOTO
¥ KOMOMHUPOBAHHOTO B3aUMOJICHCTBUS;
pa3BUBATh KPEATUBHOE MBIIIUICHUE TIPU PEIICHUH )KU3HEHHBIX MTPOOJIEM.
Ba3oBEIe uccieaoBarebCcKHe AeCTBUA:
BJIaJICTh HAYYHOM TEPMUHOJOTHEH, KIIOYEBBIMU MOHSATUSIMU M METOJaMHU
buznueckoil HayKu;
BJIaJIETh HaBBIKAMH Y4EOHO-UCCIIEA0BATEIBCKOU U MPOEKTHOU JEATEIIbHOCTH
B 00y1acTu (PU3MKH, CIIOCOOHOCTHIO U TOTOBHOCTBIO K CAMOCTOSITEIbHOMY MOUCKY
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METOJIOB pelIeHHs 3aAaud (PU3MUECKOrO COJEp:KaHUs, MPUMEHEHHUIO Pa3IMYHBIX
METOJIOB MIO3HAHUS;

BJIAQJE€Th BUAAMU JIEATEIBHOCTU 110 IMOJIYYEHHIO HOBOI'O 3HAHUS, €ro
UHTEPIIPETALIMY, MPEOOPa30BAHUIO M NPHUMEHEHUIO B Pa3IMYHBIX Y4eOHBIX
CUTyalUsiX, B TOM YHUCJIE IPU CO3JaHUH YUE€OHBIX IPOEKTOB B 00J1acTH (PU3HKY;

BBISIBJISITH TPUYMHHO-CIICACTBEHHBIE CBSI3M U aKTyaJM3MpOBaTh 3ajady,
BBIIBUTATh TUIOTE3Y €€ PeIIeHus, HAXOUTh apTyMEHTHI JJIs1 I0Ka3aTeIbCTBA CBOMX
YTBEPKACHUM, 3aJaBaTh apaMeTPbl U KPUTEPUH PEIICHUS;

aHAJIM3UpPOBaTh MOJYYEHHbIE B XOJE pEUICHUS 3a7auyd pPe3yJIbTaThl,
KPUTHYECKH OIICHUBATh WX JOCTOBEPHOCTH, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX
YCIOBUSIX;

CTaBUTh M (HOpMyIHpOBaTh COOCTBEHHBIC 3aJayd B 00pa3oBaTeIbHOU
JeSITEIbBHOCTH, B TOM YHUCJIE TIPU U3YUEHUH (DU3UKU;

J1aBaTh OLIEHKY HOBBIM CUTYallUsIM, OLIEHUBATh IPUOOPETEHHBIN OTIBIT;

yMETh TIEPEHOCUTh 3HaHUSA 1O (HU3MKEe B MPAKTHYECKYI0 001acThb
KHU3HECATCIIbHOCTH,

YMETb UHTEIPUPOBATh 3HAHUSA U3 Pa3HbIX IPEIMETHBIX 00IacTel;

BBIIBUTaTh HOBBIE UJIEH, PEJIaraTh OPUTHHAIBHBIE TOAXO0/bI U PEIICHNUS;

CTaBUTb NMPOOJIEMBI U 33/1a4H, TOMYCKAIOIINE albTePHATUBHbBIC PELICHHUS.

Pabora ¢ undpopmaumeii:

BJIa/ICTh HABBIKAMH TOJIydeHUs MHPOPMAIUN (PU3UIECKOTO COACPIKaHUS U3
UCTOYHUKOB Pa3HbIX THUIIOB, CAMOCTOATEIBHO OCYIIECTBIIATh IOMCK, aHaJu3,
CUCTEMAaTH3alUI0 U HHTEPIpPETAlNi0 MHPOPMAlMU pPa3IMYHBIX BHUIOB U (opm
MIPEICTaBICHNUS;

OLIEHWBAThH JOCTOBEPHOCTH HH(OpMAIIHH;

UCTIONB30BaTh  CpeAcTBa  MHGOPMAIMOHHBIX M KOMMYHHKAI[MOHHBIX
TEXHOJOTMI B pELIEHHMH KOTHUTHUBHBIX, KOMMYHUKAaTUBHBIX M OpPraHU3al[MOHHBIX
3aJ1a4 ¢ COOII0ICHUEM TPEOOBaHUM SPrOHOMUKH, TEXHUKU 0€30I1aCHOCTH, TUTHEHBI,
pecypcocOepexeHus, MPaBOBbIX W OITHYECKHUX HOPM, HOPM HH(OPMAIIMOHHON
0e30macHOCTH;

CO3/1aBaTh TEKCThl (PU3MUECKOTO COJEpXKaHUS B pazIUYHbIX (opMarax ¢
y4€TOM Ha3zHayeHMsI HTHPOPMAIIUH U LEJIEBOU ayAUTOPHUH, BHIOMpAs ONTUMAIBHYIO
(dbopMy npeAcTaBIeHUS U BU3yaTu3alluu.

KoMMyHMKaTHBHBIE YHHBeEpPCAJbHbIE y4eOHbIe JeHCTBHS:
OCYILIECTBIISAThH O0IIEHUE HAa YPOKaX (PU3UKU U BO BHE-YPOUHOM JI€ATEIbHOCTH;
pacno3HaBaThb NPEANOCBUIKM  KOH(DJIMKTHBIX CHUTyallud W CMsT4aTh
KOH(JIUKTHI;
pPa3BEPHYTO W JIOTMYHO M3JIaraTh CBOKO TOYKY 3pPEHUS C HMCIOJb30BaHUEM
S3BIKOBBIX CPEJICTB;
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IIOHMMATh U HCIOJI30BaTh NMPEUMYILIECTBA KOMAHIHOW M WHIWBUILYAJIBHOU
paboThI;

BBIOMpPATh TEMAaTHUKy M METOJAbl COBMECTHBIX JACUCTBUI C y4€TOM OOIIMX
MHTEPECOB U BO3MOKHOCTEN KaXKJIOTO YJIEHA KOJJIEKTUBA;

NPUHAMATh 1M COBMECTHOW  JEATEIbHOCTH, OpPraHU30BBIBATH WU
KOOPJIUHUPOBATh ACHUCTBUA NO €€ ITOCTHKEHUIO: COCTABIISITH IUIAH JEUCTBUM,
pacnpenensaTh poiau ¢ YYETOM MHEHHM YYaCTHHKOB, OOCYKIAThb pE3YJIbTaThl
COBMECTHOM paboThI;

OILICHMBATh KAYECTBO CBOETO BKJIA/Ia M KAXI0r0 yYaCTHUKA KOMaH/Ibl B OOIIHIA
PE3yNbTAT MO pa3pabOTaHHBIM KPUTEPHUSM;

Ipe/uiaratb HOBBIE NIPOEKTHI, OLEHMBAaTh HUIEU C TO3ULUHAA HOBU3HBI,
OPUTMHAJIBHOCTH, PAKTUYECKON 3HAYMMOCTH;

OCYILECTBJIATh IO3UTUBHOE CTPATErMYECKOE IIOBEICHHUE B Pa3IMYHBIX
CUTYaLUsIX, IPOSBIISATH TBOPUECTBO U BOOOpaXKEHHE, ObITh MHUIIMATUBHBIM.

PeryasiTuBHbIC YHUBeEpCAJbHbIC YUeOHbIE 1eiiCTBUS
Camoopranuzamnus:

CaMOCTOATENIBHO OCYLIECTBJISATh MO3HABATENIBHYIO JI€ATEIbHOCTh B 00JACTH
GU3MKM W aCTPOHOMUU, BBISIBISATH MPOOJEMBI, CTaBUTh U (HOPMYIHPOBAThH
COOCTBCHHEIC 3a]1a4H;

CaMOCTOSITETIbHO COCTaBJISITh IUIAH PEIICHUS PACUETHBIX UM KAYECTBEHHBIX
3aJ1a4, TUTaH BBIMOJIHEHUS MTPAKTUYECKON pabOThI C y4ETOM UMEIOIIUXCSI PECYPCOB,
COOCTBEHHBIX BO3MOXKHOCTEN U MIPEANOUYTEHUM;

JlaBaTh OILICHKY HOBBIM CHUTYaIHsIM;

pacHIMpsITh paMKH y4eOHOTO MpeaMeTa Ha OCHOBE JTUYHBIX MPEITOYTCHHI;

JenaTh OCO3HAHHBIM BBIOOp, apryMEHTHpOBaTh €ro, Oparb Ha ce0s
OTBETCTBEHHOCTb 32 PEILICHHUE;

OIICHUBATh MPUOOPETEHHBIN OIBIT;

CIIOCOOCTBOBaTh (POPMHUPOBAHUIO M TMPOSIBJICHUIO J3PYAMIMH B 00JacTH
(bU3HUKH, TOCTOSIHHO TIOBBIIIATH CBOM 00pa30BaTEIbHBIN U KYJIbTYPHBIA YPOBEHb.

CaMOKOHTPOJIb, SMOLIMOHAJIbHBIH HHTEJJIEKT:

JlaBaTh OIIEHKY HOBBIM CHUTYallUsiIM, BHOCUTh KOPPEKTHUBBI B JICSITEIBHOCTD,
OLICHMBATh COOTBETCTBHE PE3YIbTATOB LIEJISAM;

BJIAJE€Th HABBIKAMM  IIO3HABATENbHON  peduieKCMH KakK  OCO3HAHMS
COBEpIIAEMbIX JEHCTBUM M MBICIUTENBHBIX MPOILECCOB, HMX pE3yJbTaTOB U

OCHOBaHUI;
UCTIONIb30BaTh MPHUEMBI peIIeKCHH JIJIsl OLIEHKH CHUTYAIllH, BHIOOpA BEPHOTO
PCHICHUA,
YMETh OLCHHMBATH PUCKH H CBOCBPCMCHHO IIPUHUMATL PCIICHUA I10 HX
CHUXCHUIO,
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NPUHUMATh MOTHBBI W apTyMEHTBI JPYTHUX TPU aHAIW3Ee pPe3yiIbTaToOB
NEeSATEeTLHOCTH;

NPUHUMATH CeOsl, MTOHMMAasi CBOM HEIOCTATKH M JOCTOMHCTBA,

NPUHUMATh MOTHUBBI WM apTyMEHTHl JPYTHX TpH aHAIUW3e pPe3yIbTaToB
JeSTEIIbHOCTH;

MPU3HABATh CBOE MPABO M MPABO JPYTHX HA OMIHOKH.

B mpomiecce moCTHKEeHMS THYHOCTHBIX PE3YIHTATOB OCBOSHUS ITPOTPAMMEBI T10
dbuzuke IS YpOBHA cpelHero oOmero oOpa3oBaHUA Yy  00YyYaroOIIMXCs
COBEPIICHCTBYETCS HYMOIIMOHATbHBIH UHTEIICKT, IpeIoJIararo i
c(OpMUPOBAHHOCTD:

CaMOCO3HAHUS, BKIIOYAIOIIETO CIIOCOOHOCTh MOHUMATh CBOE 3MOIIMOHATIEHOE
COCTOSIHUE, BUJCTh HAMPABICHUS PA3BUTHS COOCTBEHHOM AMOIIMOHAILHON CQEpHI,
OBITH YBEPEHHBIM B ce0€;

CaMOpETYJIMPOBaHUs, BKIIOUYAIOIIETO CAMOKOHTPOJIb, YMEHHE NPUHUMATH
OTBETCTBEHHOCTh 3a CBOE TMOBEACHHME, CIIOCOOHOCTHh AaIanTUPOBAaThCA K
AMOITMOHAIEHBIM U3MEHEHHSM U TIPOSIBIIATh THOKOCTH, OBITH OTKPBITHIM HOBOMY;

BHYTPEHHEW MOTHUBAIIMH, BKIIOUYAIOIICH CTPEMJICHUE K JOCTHKEHUIO TEIH U
ycrexy, ONTUMHU3M, WHUIIMATUBHOCTb, YMEHHE JEHCTBOBATh HMCXOJs M3 CBOMX
BO3MOKHOCTEH;

IMMATHH, BKIIOYAIOMIEH CIOCOOHOCTh MOHUMATh YMOIIMOHAIBHOE COCTOSTHHE
JIPYTUX, YYUTHIBATH €r0 TIPU OCYIIECTBICHUH OOIICHUS, CIIOCOOHOCTh K
COUYBCTBHIO U COIIEPEIKUBAHUIO;

COIMAJIbHBIX HABBIKOB, BKITFOUAIOIIUX CIIOCOOHOCTH BBICTPAUBATh OTHOIICHHMSI
C IPYTUMH JIFOJIEMH, 3a00TUTHCS, TIPOSBIIATh HHTEPEC U pa3pemiaTh KOH(IUKTHI.

HPEIMETHBIE PE3YJIBTATBI

K konity o0yuenus B 10 kiaacce nmpeMeTHbIE pe3yJibTaThl HA 6a30BOM YPOBHE
JOJDKHBI OTPaXkaTh CPOPMUPOBAHHOCTH Y OOYHAIOIINXCS YMEHUM:

JIEMOHCTPUPOBATh Ha TMpUMEpax Pojb U MeCcTO (U3UKU B (POPMUPOBAHUHU
COBPEMEHHOW HAy4YHOW KAPTUHBI MHUpPAa, B Pa3BUTUU COBPEMEHHOM TEXHUKHU W
TEXHOJIOTUH, B IPAKTUYECKOM JESATEIBHOCTH JIFOJIEH;

YYUTHIBATh TPAHUIIBI TPUMEHEHUS W3YYEHHBIX (U3HUECKUX MOJIEIICH:
MaTepHuaibHas TOYKa, MHEPIIMAIbHAS CHCTeMa OTCU€Ta, abCOTIOTHO TBEPOE TEIO,
WJICAJIBHBIN Ta3, MOJEIIM CTPOCHHS Ia30B, )KUIAKOCTEH U TBEPABIX TEJ, TOUYCUHBIN
AIIEKTPUUYECKUH 3aps]l IPU pelieHur (PU3NIecKux 3ajay;

pacrno3HaBath GU3UYECKHUE SBJICHUS (MPOLECCh) U OOBICHATh UX Ha OCHOBE
3aKOHOB MEXAHUKH, MOJICKYJISIPHO-KUHETUYECKOW TEOPUM CTPOCHUSI BEUIECTBA U
AIEKTPOAVMHAMUKH: PABHOMEPHOE U PABHOYCKOPEHHOE NPSAMOJIIMHENHOE IBUKECHUE,
CBOOOJIHOE TAZIEHUE TEJ, JBUKEHUE MO OKPYKHOCTH, MHEPLIMS, B3aUMOJICHCTBHE
ten, nuddy3usi, OpOyHOBCKOE JIBUIKEHUE, CTPOEHUE >KUIKOCTEH M TBEPABIX Tell,
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U3MEeHeHue o0bhEMa Tel MpU HarpeBaHWU (OXJIAXKICHHH), TEIUIOBOE pPaBHOBECHE,
VCMapeHne, KOHJCHCAlMs, IUIABJICHHUE, KPUCTAJUIM3ALMS, KUIICHUE, BJIAXHOCTH
BO3/1yXa, MOBBIIIEHUE JABJICHHS Ta3a MPU €ro HarpeBaHWHU B 3aKPBITOM COCYIE,
CBS3b MEXIY NapaMeTpaMH COCTOSIHUS ra3a B M30IpOoLEeccax, dJIEKTPU3aLHUs Ted,
B3aMMO/ICHCTBUE 3aPAJIOB;

ONMKCHIBATh MEXAHWUYECKOE IBIDKCHUE, WCIONB3YS (U3UYCCKHUE BEITMYMHBI:
KOOpJIMHATa, IyTh, IEPEMEIICHUE, CKOPOCTh, YCKOPEHHE, Macca Tella, CHIIa,
UMITYJIbC T€JIa, KUHETUYECKasl SHEprus, MOTCHUHUAIbHAS SHEPIUsl, MEXaHU4YECKas
paboTa, MexaHMYecKass MOINHOCTh; NPH OINUCAHWW NPaBUIBHO TPaKTOBAThH
(GU3UYECKUIT CMBICT HCIOJB3YEeMbBIX BEIMYMH, WX O0O3HAYCHUS W €IUHUIIBI,
HaXOJUTh (OPMYJIBI, CBSA3BIBAIONINE MAHHYIO (U3UYECKYIO BEIMYUHY C APYTUMHU
BEJIMYMHAMU;

ONMUCHIBATh HM3YUYECHHBIE TEIUIOBBIE CBOMCTBA TEJI M TEIUIOBBIE SIBICHUS,
UCTIONIb3Ysl (DU3UYECKHE BEJIMYMHBI: JaBJICHUE Ta3a, TeMIlepaTypa, CpeaHss
KMHETUYECKAsI YHEPIrUsl XaOTUYECKOIO JBUKEHHS MOJIEKYJ, CPEAHECKBAAPATUYHAS
CKOPOCTh MOJIEKYJI, KOJWYECTBO TEIUIOTHI, BHYTPEHHSSA SHEprusi, padora rasa,
KOO (PUIIMEHT TMOJEe3HOTO JEUCTBHUS TEIUIOBOTO JIBUTATENsl; MpPU ONMUCAHUU
MPaBUIBHO TPAKTOBaTh (U3MUECKUI CMBICT HCIOJIB3YEMbIX BEIWYUH, HUX
00O3HAaUeHUs W EAUHUIBI, HAXOAUTh (OPMYJIbI, CBS3bIBAIOIIME JaHHYIO
(U3UYECKYIO BETUYUHY C IPYTUMU BEJIMUUHAM;

ONMUCHIBATh N3YUYEHHBIC JIEKTPUUYECKUE CBOMCTBA BEIIECTBA U AJIEKTPUUECKHUE
sBJIeHUs (TIPOLIECCHI), UCTIONB3Ys (PU3NYECKUE BETUYMHBI: AIEKTPUUECKUIN 3apsi,
AIEKTPUUYECKOE T0JIe, HANPSHKEHHOCTD MMOJIsI, TOTEHIMAJ, PA3HOCTh MOTEHIMAJIOB,;
NPy OMUCAHUM TIPABWIBHO TPAKTOBAaTh (DU3UYECKUM CMBICT HCIOIb3YEeMbIX
BEJIMUMH, UX OO0O3HAYEHUS] W EIUHUIIBI, YKa3biBaTh (HOPMYJIbI, CBSI3bIBAIOIINE
JaHHYIO0 (PU3UYECKYIO BEIUYMHY C IPYTUMU BEJIMUYNHAMU;

aHATM3UPOBAaTh (PU3UUYECKHE TMPOIECChl U SBICHUS, UCIOJIBb3YS (PU3NUECKHE
3aKOHBI ¥ MIPUHIUINBL: 3aKOH BceMUpHOTO Tsrotenus, I, II u III 3akonsl HeroTOHA,
3aKOH COXPAHECHUS MEXAHWYECKOM DHHEPruH, 3aKOH COXPAHEHHS WMITYJIbCA,
NPUHLUN CYNEPHO3UIUA CHJI, TPUHIUI PABHONPABUS HMHEPIIUATBHBIX CHUCTEM
OTCYETA, MOJICKYJISIPHO-KUHETUYECKYI0 TEOPUIO CTPOEHHUS BEIIECTBA, T'a30BbIC
3aKOHBI, CBA3b CPEAHENH KMHETUYECKOW PHEPTUU TEIUIOBOTO JIBUKEHUS MOJIEKYJ C
abCOJTIIOTHOM TeMIlepaTypoH, MepBbIil 3aKOH TEPMOJMHAMUKH, 3aKOH COXPaHCHUS
AJEKTPUYECKOTO 3apsna, 3akoH KyioHa, mpu 3TOM pa3inyarh CIOBECHYIO
GbOopMYyJIUPOBKY 3aKOHA, €r0 MAaTeMaTHYECKOE BBIPAXKEHHUE M YCIOBHUS (TpaHUIIbI,
00J1aCTH) MPUMEHUMOCTH;

OOBSCHATH OCHOBHBIC TIPUHIIMITHI ICUCTBYS MAIITUH, MPUOOPOB U TEXHUYECKUX
YCTPOMCTB; pa3inyaTh YCIOBUS WX 0€30MaCHOIO MCIOJIb30BAaHUS B TTOBCEIHEBHOM
YKU3HU;

BBITIOJTHATh AKCIEPUMEHTHI 0 MCCIIEAOBaHUI0 (DU3NUYECKUX SBJICHUN W
MPOLIECCOB € HCIOJB30BAHUEM IMPAMBIX M KOCBEHHBIX H3MEPEHHM, MPU STOM
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dbopmyupoBaTh MpodIEeMy/3a1auy U TUIOTE3y y4eOHOTO IKCIIEPUMEHTa, COOUPaTh
YCTaHOBKY M3 MPEAJIOKEHHOT0 000pY0BaHMs, TPOBOAUTH OMBIT U (POPMYIUPOBATH
BBIBO/IbI;

OCYUIIECTBJIATh MPSAMbIE U KOCBEHHBIE U3MEPEHUS (PU3NYECKUX BEIUYMH, TIPU
TOM BBIOMpaTh ONTHUMAJIBHBIN CHOCOO M3MEPEHUS M MCIOJb30BaTh H3BECTHHIE
METO/bI OLICHKHU ITOIPEIIHOCTEN U3MEPEHUM;

UCCIIEIOBAaTh  3aBUCUMOCTH  MEXIy  (PU3NYECKUMHU  BEIUYUHAMH  C
WCIIOJIb30BAaHUEM TMPSMBIX M3MEPEHHI, MPU 3TOM KOHCTPYHPOBATh YCTAHOBKY,
(buUKCUpPOBATH PE3YNHTATHI MOJIYYCHHONW 3aBUCUMOCTH (PU3UUYECKUX BETTUYUH B BUJIC
TaOIuUI U TpauKOB, IETaTh BEIBOJBI 110 pe3yIbTaTaM HUCCIIEeI0OBAHUS;

coOJroaTh mpaBuia 0€30MacHOTO TpyJa MPU MPOBEICHUM HCCICTOBAHUM B
pamMKax y4eOHOro SKCIEpUMEHTa, Yy4eOHO-HCCIEeNOBATEIIbCKOW U MPOEKTHOU
JESATEIIBHOCTH C HCIOJIb30BAHUEM H3MEPHUTENIbHBIX YCTPOMCTB U J1AOOPATOPHOIO
000opy1I0BaHUS;

pemiaTth pacu€THble 3aJa4d C SIBHO 3aJaHHON (DM3MYECKOW MOJEINbIO,
UCIIOJIBb3Ysl (PU3UYECKUE 3aKOHBI U IPUHIIUIIBI, HA OCHOBE aHAJM3a YCJIOBUS 3a/1a4n
BbIOMpaTh (PU3UYECKYIO MOJEIb, BBIACIATh (PU3MUECKUE BEITUYUHBI U (HOPMYIIHI,
HEOOXOJUMbIE ISl €€ pEelIeHUs, MPOBOAUTh PACYETHl U OLIEHUBATh PEAIbHOCTD
HOJIy4YEHHOT'0 3HaueHus (PU3NUECKON BEINUNHBI;

penaTh KaueCTBEHHbIE 331a4l: BBICTPAUBATh JIOTUYECKU HEMTPOTHUBOPEUUBYIO
LEMOYKY pPACCYXIACHUH C OMOpOM Ha M3YYEHHBIE 3aKOHBbI, 3aKOHOMEPHOCTH M
(bu3nYeCcKue ABIICHUS,

UCIIOJIb30BAaTh ITPH PEIIEHUH YUeOHBIX 3a/1a4 COBpEMEHHbIE UH(POPMAaLIMOHHbIE
TEXHOJIOTUH [IJISl TIOMCKA, CTPYKTYPUPOBAHMSI, UHTEPIPETALIMM U TPEICTABICHUS
y4eOHOH M HAY4YHO-TIONMYJIAPHOH HWHGOPMALMH, TMOJYYEHHOW W3 pa3InyHBIX
MCTOYHHUKOB, KPUTHYECKH aHAIU3UPOBATH MMOTYYAEMYI0 HH(OPMAIHIO;

IPUBOJUTH MPUMEPHI BKJIaJJa POCCUNUCKUX U 3apYOCKHBIX YUEHBIX-(PU3UKOB B
pa3BUTHE HAYKH, OOBSICHEHHE MPOLIECCOB OKPYKAIOLIETO MUPA, B Pa3BUTHE TEXHUKU
1 TEXHOJIOTHI;

UCITI0JIb30BaTh TEOPETUUECKUE 3HAHUS 110 (PUZUKE B MOBCETHEBHOM MKU3HU ISl
oOecrieueHus: 0€30MaCHOCTH TMpU OOpalieHuu ¢ TpuOOpaMu M TEXHUYECKUMH
yCTpOMCTBaMHU, JJIsl COXPAaHEHUS 3/10pPOBbS U COOJIIOJIEHUS HOPM SKOJIOTHYECKOIO
IOBEJCHUS B OKPYXKAKOLIEH CpeJIE;

paboTatb B TpYyIIE C BBHIIOJHEHUEM PAa3JIUYHBIX COLMAJIBHBIX POJICH,
IUIAaHUPOBATh PadOTy TPYNIbI, PAUUMOHAIBHO pacHpenesnsiTb OOSI3aHHOCTH U
IUIAHUPOBATH JIESTEIIBHOCTh B HECTAHAAPTHBIX CUTYalMsIX, aICKBaTHO OLICHUBATh
BKJIAJ] KQXKJI0TO M3 YYACTHUKOB I'PYIIIIBI B PEIIEHUE PACCMATPUBAEMON MTPOOIIEMBI.

K konity o0yuenus B 11 kiaacce nmpeMeTHbIE pe3yJibTaThl HA 6a30BOM YPOBHE
JOJKHBI OTpaXkaTh CPOPMUPOBAHHOCTD Y OOYHAIOIINXCS YMEHUM:

JEMOHCTPUPOBATh Ha MpUMEpax Pojb U MecTO (U3UKU B (POPMUPOBAHUU
COBPEMEHHOW HAy4YHOW KAPTHHBI MHpPA, B Pa3BUTUM COBPEMEHHOW TEXHUKU U
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TEXHOJIOTUM, B MPAKTUUYECKOM IEATEIbHOCTH JIFOAEH, LIEJIOCTHOCTh U €IUHCTBO
buznyecKoil KapTUHBI MUPA,

YYUTBHIBATh TPAHMIBI TPUMEHEHHS M3YyUYCHHBIX (U3UYECKUX MOJCICH:
TOYCYHBIM AJICKTPUUECKUHN 3apsl, JIyd CBETa, TOUCUHBIH UCTOUYHHMK CBETA, sJepHas
MOJIEIb aTOMa, HYKJIOHHAs MOJIeJIb aTOMHOTO sijpa MpU pPelieHuH (U3NIECKUX
3a/1ay;

pacro3HaBaTh (pU3HYECKUE SIBICHUA (MPOIECChl) U OOBSCHATh UX Ha OCHOBE
3aKOHOB JICKTPOJMHAMUKHN M KBAHTOBOU (DU3UKH: DJICKTPUYECKAs MPOBOIUMOCTb,
TEIJIOBOE, CBETOBOE, XUMHYECKOE, MAarHUTHOE JICUCTBUSA TOKA, B3aMMOJCHCTBHE
MarHuTOB, JJIGKTPOMAarHUTHAas WHAYKIUSA, JEHCTBUE MArHUTHOTO TIOJS Ha
MPOBOJTHUK C TOKOM U JBIDKYIIMICS 3apsfl, SJIEKTPOMATrHUTHBIC KOJcOaHWsS U
BOJIHBI, MPSIMOJIMHEHHOE PacCIpOCTPAHEHUE CBETa, OTPAXEHHUE, MPETOMIICHUE,
uHtepdepeHnus, audpakmus W TOJSApU3alds  CBeTa, JHUCHEPCHS  CBETa,
dboTtoanekTpudeckuit 3pdext (poTodaddeKT), CBETOBOE JTaBICHNUE, BOSHUKHOBECHUE
JMHEWYaTOro CHEeKTpa aToMa BOJOpPOJa, €CTECTBEHHAass W HCKYCCTBEHHAas

pPaaAnOaAKTUBHOCTD,
OIIMCBbIBATb H3YYCHHBLIC CBOMCTBA BCIICCTBA (Z)JIGKTpI/I‘-IGCKI/Ie, MAarduTHBIC,
OIITHYCCKUC, QJICKTPUICCKYIO IIPOBOAUMOCTD Pa3INYHBIX cpez[) )51

AJICKTPOMArHUTHBIE SBJICHUS (MPOIECCHI), HCMONB3YysS (PU3MUECKHE BEJIMYHHBIL:
ANEKTPUYECKUN 3apsii, CHJIA TOKA, DJICKTPUUYECKOE HAIpPSXKEHUE, BIEKTPUUYECKOE
CONPOTUBJICHUE, PA3HOCTh MOTEHIIMAJIOB, JEKTPOJBIDKYIAsA CHJIa, padoTa TOKa,
WHIYKIMST MarHUTHOrO TMoJis, cujia Ammnepa, cuia JlopeHia, MHAYKTUBHOCTD
KaTyIIKWA, SHEPTUS DJICKTPUYECKOr0O WM MAarHUTHOTO IIOJICH, MEPUOJ W YacToTa
KoJieOaHUM B KoJeOaTeIbHOM KOHTYpE, 3apsii W Ccujla TOKa B IMpolecce
rapMOHUYECKUX DJEKTPOMATHUTHBIX KoJieOaHui, (OKYCHOE pacCTOsIHUE U
ONTUYECKasl CWUJIa JIMH3bI, MPU ONMUCAHUM MPABUIBLHO TPAKTOBATh (HU3UUYECKUI
CMBICII HCIIOJIb3YEMBIX BEJIMYMH, HMX OOO3HAYCHWS W CIUHMIIBI, YKa3bIBaTh
(GhopMYyIIBI, CBA3BIBAIOIINE JAHHYIO (PU3HYECKYIO BETMYMHY C IPYTUMH BEIMUNHAMM;

OIACBHIBATh W3YYCHHBIC KBAHTOBBIE SBIEHUS W IIPOLECCHI, MCIOJIb3Ys
dbuznyeckre BETUYUHBI: CKOPOCTh AJEKTPOMArHUTHBIX BOJIH, JIJIMHA BOJIHBI U
JacTOTa CBETA, SHEPTUs M UMMYJIbC (OTOHA, IIEPHOJT TIOJIypaciaja, SHEPrus CBI3U
aTOMHBIX S7Ep, IPU ONHCAHWHM IIPAaBWJIBHO TPAKTOBATH (DU3UUYCCKHH CMBICT
WCIIOJIb3yeMbIX BEJIMYMH, MX OOO3HAUCHUS W CIWHMIIBI, YKa3bIBaTh (POPMYIIHI,
CBSI3bIBAIONIME JAaHHYH (U3UYECKYIO BEJIMYMHY C JAPYTMMHU BEJIMYUHAMH,
BBIYUCIISITh 3HAUCHUE (DU3UUECKON BETUUNHBI,

aHATM3UPOBAaTh (PU3UUYECKHE TMPOIECChl U SBICHUS, UCIOJB3YsS (PU3MUECKHE
3aKOHBI M TIPUHLMIBL: 3aKOH OMa, 3aKOHBI MOCJIEI0BATEIBHOTO U MapalieIbHOTO
COCIMHEHUSI NPOBOJHUKOB, 3aKOH Jkoyma—JIeHna, 3aKOH BJIEKTPOMArHUTHOM
VHAYKIMA, 3aKOH TPAMOJMHENHOTO PACIpPOCTPAHEHUs CBETA, 3aKOHBI OTPAKECHUS
CBETa, 3aKOHBI MPEJIOMJICHUS CBETa, YpaBHEHHE ODWHIITeHa mia gororddexra,
3aKOH COXPAHEHUS JHEPrUM, 3aKOH COXPAHEHUS HUMITYJIbCA, 3aKOH COXPAaHEHHUS
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AIIEKTPUYECKOT0 3apsA/ia, 3aKOH COXPAaHEHUs MAacCOBOIO 4YMCIIa, MocTynatsl bopa,
3aKOH paJMOAaKTUBHOTO pacmaja, pu 3TOM pa3inyaTh CJIOBECHYIO (POPMYIHUPOBKY
3aKOHAa, €ro MaTEeMaTHYEeCKOE€ BBIPAXKEHUE U YCIOBUA (TpaHUIlbl, 00JIACTH)
MPUMEHUMOCTH;

OTIpPEIENISTh HAMIPaBJICHUE BEKTOPA MHIYKIIMM MATHUTHOTO TOJIsI TPOBOIHUKA
C TOKOM, CUJIbl AMIiepa u cuiibl JlopeHna;

CTPOUTh W OIHKCHIBaTh H300paKEHUE, CO3aBAEMOE IUIOCKUM 3€pKajioM,
TOHKOM JIMH30M;

BBITIOJIHATh OKCIIEPUMEHTHI 110 MCCIIEIOBAHUIO (DU3UUYECKUX SIBIICHUUA W
IPOLIECCOB C HCIIOJIb30BAHUEM IMPSMBIX M KOCBEHHBIX HM3MEPEHUUH: IPH 3TOM
dbopmyrpoBath mpodaeMy/3aaady U THIOTE3Y y4eOHOTO IKCIIEPUMEHTA, COOMPATH
YCTaHOBKY M3 MPEIJI0KEHHOTO 000pYAOBaHUSs, IPOBOJAUTH ONBIT U OPMYIHPOBATH
BBIBO/IbI;

OCYILIECTBIISATh NMPSAMbIE U KOCBEHHbIE U3MEPEHUSI (PU3NUYECKUX BEITUYUH, PU
TOM BBIOMpaTh ONTHUMAJIBHBIA CHOCOO HM3MEPEHUS M MCIOJb30BaTh H3BECTHHIE
METO/bI OLIEHKHU MOTPEMIHOCTEN U3MEPEHUM;

UCCIIEIOBATh 3aBUCUMOCTH (PU3NYECKUX BEJTUYMH C UCTIOIb30BAaHUEM MPSMBIX
U3MEPEHUI: MPU 3TOM KOHCTPYHUPOBATH YCTAaHOBKY, (PUKCHUPOBATh PE3YJIbTAThI
MOJIYYCHHOU 3aBUCUMOCTH (DM3MYECKUX BEJIMYMH B BHUJAE TaOMUI[ U TpaduKOB,
JienaTh BBIBOJIBI MO PE3YJITATAM HCCIIEIOBAHUS;

coOJro1aTh MpaBuia 0€30MacHOTO TpyJa MPU MPOBEACHUU UCCICIOBAHUN B
pamMKax y4eOHOro SKCIIEpUMEHTa, Yy4eOHO-HCCIEeNOBATEIbCKOW U MPOEKTHOU
JESITEIbBHOCTH C HCIOJIb30BAHUEM H3MEPHUTENIbHBIX YCTPOMCTB M J1aOOPATOPHOIO
000opy1I0BaHUS;

pemiath pacu€THble 3aJayd C SBHO 3aJlaHHOM (DU3MYECKON MOJIENbIO,
UCIOJIBb3Ysl (PU3UUECKUE 3aKOHBI M PUHIIMITBI, HA OCHOBE aHaJIM3a YCJIOBHS 33/1auu
BBIOMpATh (PU3UYECKYIO MOJEINb, BBIACHITh (PU3NUECKHE BEJIMYMHBI U (POPMYIIHI,
HEOOXOJUMbIE ISl €€ pellleHusi, MPOBOAUTHh PACUETHl U OLIEHUBATh PEAIBbHOCTD
MOJIy4YEeHHOTO 3HAYeHUS (PU3UYECKON BEJIMYUHBI;

penaTh KaueCTBEHHbIE 3a/1a4i: BBICTPAUBATh JIOTHUYECKU HEMTPOTUBOPEUUBYIO
LEMOYKY PACCYXKACHUN C ONOPOM HAa M3YUYEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH H
(bu3UYeCKHEC IBIICHUS,

UCIIOJIb30BAaTh MTPH PEIICHUH YUeOHBIX 3a/1a4 COBpEMEHHbIE UH(POPMAIIMOHHbIE
TEXHOJIOTUM JJISl TIOMCKA, CTPYKTYPUPOBAHMS, UHTEPIIPETAIIMM U TPECTABICHUS
y4eOHOH M HAY4YHO-TIOMYJIApHOH WHGOPMALMK, TOJYYEHHOM W3 pa3IMyHBIX
UCTOYHUKOB, KPUTUYECKH aHAJIM3UPOBAThH MOJIy4aeMyto HH(POPMAIHIO;

OOBSCHATh TPHUHIUIBI JCHCTBUS MAIIWH, NPUOOPOB M TEXHHUYECKHUX
YCTPOMCTB, pa3inyaTh yCIOBUS UX 0€30MacHOr0 MCMOJIb30BAHMS B MOBCEIHEBHOM

KHU3HU,
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MPUBOAUTH MPUMEPHI BKJIaJIa POCCHICKUX U 3apyOeKHBIX YIEHBIX-(PU3UKOB B
pa3BUTHE HAyKH, B OOBSICHEHHE MPOIECCOB OKPYKAIOIIETO MHUPA, B PA3BUTHE
TEXHUKU U TEXHOJIOTHU;

UCII0JIb30BATh TEOPETUUECKUE 3HAHUSI 110 (PU3HKE B TOBCEAHEBHOM JKU3HU IS
oOecrieyeHus: 0€30MaCHOCTH MpU OOpalleHuu ¢ TpudopaMu M TEXHUYECKUMHU
YCTPONCTBAMH, JIJII COXPAHEHUS 370POBbS M COOJIOICHUS HOPM JKOJIOTHYECKOTO
MOBEJCHUS B OKPYXKAIOILIEH CpeaE;

paboTatb B TpYyIIE C BBHIIOJHEHUEM pPa3IUYHBIX COLMAJIBHBIX POJICH,
IUIAaHUPOBATh PadOTy TPYIIbI, palMOHAIBHO paCHpeNesiTh OOSI3aHHOCTU U
MJIAHUPOBATh JCSATEILHOCTh B HECTAHAAPTHBIX CUTYAIUSX, aJI€KBATHO OLICHUBATH
BKJIaJ] KQXKJIOTO U3 YYACTHUKOB T'PYIINBI B PEIICHUE pacCMaTpUBAEMON MPOOJIEMBI.
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TEMATHYECKOE IINTAHUPOBAHHUE

10 KJIACC
Kosun4yecTBo 4acoB JJIeKTPOHHbIE
HaumeHoBaHue pa3esioB U TeM unpposbIie
Ne ni/m P Kourpoubnbie IIpakTHyeckue (1ubp )
NPOrpaMmbl Bcero o0pa3oBaTe/bHbIE
padoTshI padoThI
pecypchl
Pazgen 1. DU3UKA U METO/IbIl HAYYHOI'O ITIO3HAHUSA
1.1 ®u3uKa ¥ METOIbl HAYYHOr'O TTO3HAHUS 2 bubmorexa LHOK
' ARLHAYH https://m.edsoo.ru/7f41bf72
Wroro no pazneny 2
Paznen 2. MEXAHUKA
bubmuorexa [JOK
21 Kuremaritia > https://m.edsoo.ru/7f41bf72
bu6nmoreka [JOK
22 Aunammica 7 https://m.edsoo.ru/7f41bf72
bu6nmoreka [JOK
2. 1 1
3 3aKOHBI COXPaHEHUsI B MEXaHUKE 6 hitps-//m.cdsoo.rw/7f4 172
Hroro o pasaeny 18
Paznen 3. MOJIEKYJISIPHAS ®U3UKA U TEPMOJIUHAMHUKA
31 OCHOBBI MOJIEKYJISIPHO-KUHETUYECKON 9 | bubnmnorexa [JOK
' TEOpUH https://m.edsoo.ru/7f41bf72
bubmuoreka [JOK
2 1 1
3 OCHOBbI TEPMOMHHAMHIH 0 https://m.edsoo.ru/7f41bf72
313 ArperaTHbl€ COCTOSIHMSI BELLIECTBA. 5 bubnuorexa [IOK
' Pa30BbIe IEPEXOIBI https://m.edsoo.ru/7f41bf72
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Hroro no pazneny

Pazgea 4. JIEKTPOJAUHAMUKA

24

[TPOT'PAMME

bubmuorexa [JOK
4.1 IeKTpOCTaTHKA 10 https://m.edsoo.ru/7f41bf72
47 [TocTostHHBIN 2neKTpUYecKuid TOK. Toku B 12 bubnmoreka [JOK
' pa3IMYHBIX Cpellax https://m.edsoo.ru/7f41bf72
Hroro no pazneny 22
PeszepBHOe Bpemst 2
OBULIEE KOJIMYECTBO YACOB I10 68
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11 KJIACC

KounyecTBO 4acoB JJIeKTPOHHbIE
HanmeHnoBaHue pa3je/ioB U TeM uugposbie
Ne i/l P Konrpoubusie IIpakTuueckue (witcpp )
NPOrpamMMbl Bcero o0pa3oBaTe/ibHbIE
padoTshI padoThI
pecypchl
Pa3znen 1. JIEKTPOAUHAMUKA
11 MarunuTtHoe nojie. JIeKTpoOMarHuTHas 1 1 3 bubnuorexa [JOK
' AHAYKLIWS https://m.edsoo.ru/7f41c97¢
Wroro no pazneny 11
Pazjnen 2. KOJIEBAHUSA U BOJIHbI
21 MexaHn4eckue U 3JIEKTPOMarHuTHhIE 9 1 bubnnoreka [JOK
' KoJe0anus https://m.edsoo.ru/7f41¢97c
MexaHu4yecKue U AIEKTPOMarHuTHbIE bubnuorexa [JOK
2.2 5 1
BOJIHBI https://m.edsoo.ru/7f41c97¢c
bu6mmorexa [IOK
2.3 10 3
Ok https://m.edsoo.ru/7f41c97¢c
Hroro no pazneny 24

Paszea 3. OCHOBBI CIEIIMAJIbHOM TEOPUM OTHOCUTEJBHOCTH

31 OCHOBHI CTIEITUATBHON TEOPUHU 4 | bubnuotexa [JOK
’ OTHOCHUTEJILHOCTHU https://m.edsoo.ru/7f41¢97¢
Hroro no pazneny 4
Pa3znena 4. KBAHTOBASI PU3UKA
bu6mmoreka [JOK
4.1 DJIeMEHTHI KBAHTOBOU OIITUKH 6
https://m.edsoo.ru/7f41c¢97¢
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bubmuorexa [JOK

4.2 C 4
ThocHHe atoma https://m.edsoo.ru/7f41c97¢
bu6mmoreka [IOK
4.3 A 5
TOMHOE PO https://m.edsoo.ru/7f41c97¢
Hroro no pazneny 15

Paznea 5. JIEMEHTBI ACTPOHOMUU U ACTPODPU3UKHU

bu6mmoreka [IOK
https://m.edsoo.ru/7f41c97¢

5.1 DNEeMEeHTHI aCTPOHOMUU U acTPOPU3UKU 7 1

Hroro no pasneny 7

Paznea 6. OBOBLIAIOIIEE TIOBTOPEHUE

bubmuorexa [JOK
1 4
6 Obobmaiomee nosTopenue https://m.edsoo.ru/7f41¢97¢
Wroro no pazneny 4
PesepBHOoe Bpems 3
OBIIEE KOJIMYECTBO YACOB I10 ITPOTPAMME 68 4 7
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