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OenepanbHas paboyass mnporpamMma 1o yuyeOHOMYy Tmpeamery «Dusukan
(yriyOsieHHbIH ypoBeHb) (mpenMeTHast 00sacTh «EcTecTBeHHO-HAy4YHBIE MPEAMETHI»)
(anmee COOTBETCTBEHHO — MporpaMma o (pusuke, pU3nKa) BKIIOYAET MOSCHUTEIbHYIO
3allUCKY, COJEpX)aHHe OOydeHUs, IJIAHHpPyEeMbIe pPe3yJabTaThl OCBOCHHUS MPOTPAMMBbI
no (¢u3MKe, TEMaTHYECKOE IIAHUPOBAHUE, MepedyeHb (KoAu(pUKATOp) MPOBEPSEMBIX
TpeOOBaHMI K pe3ylbTaTaM OCBOEHHUS OCHOBHOM 00pa3oBaTeNbHOW MPOTPaMMbI
cpemHero o01ero 0opa3zoBaHus U AJIEMEHTOB COJIEpKaHUs 10 (hU3UKE.

[TosicHuTenbHas 3aMMCcKa OTpaXxKaeT OOIIHe 1eNU U 331a4u (PU3UKHU, XapaKTEPUCTUKY
NICUXOJIOTUYECKUX MPEANOCHIIOK K €€ M3YYCHHIO 00Y4YaIoLUMUCs, MECTO B CTPYKTYpe
y4eOHOro IjlaHa, a TakKe MOIXOAbl K OTOOpY COAEp)KaHHsA, K OIpeleIeHHI0
IUTAHUPYEMBIX PE3YJIbTATOB.

Copepxanue o00y4yeHUsI PpACKpbIBAE€T COJAEp)KATEIbHbIE JIMHUM, KOTOPHIC
NpeaaraloTcs A 00s13aTeIbHOT0 U3YYEeHHsS] B KaXKJIOM KJlacCe Ha YPOBHE CpPEIHErO
o011ero oopa3zoBaHusl.

[Inanupyembie pe3yabTaTbl OCBOCHHSA MPOTpaMMbl MO (PU3MKE BKIIOYAIOT
JUYHOCTHBIE, METalpeIMETHbIE pEe3yabTaThl 3a BeCh Nepuojl OOydyeHUs Ha YpOBHE
cpeaHero oOmIero oOpa3oBaHMs, a TAKXKE MPEIMETHBIC JOCTIXKEHUS O0ydJaromierocs
3a KaXJIbIil To 00y4YeHUsI.

HOACHUTEJIBHASA 3AITMCKA

[Iporpamma mo (u3uke Ha ypoBHE CpeaHero odmero oopa3oBaHuUs pa3zpaboTaHa
HAa OCHOBE TIOJOXKEHUH W TpeOoBaHWU K pe3yJbTaTaM OCBOCHHS OCHOBHOM
oOpa3zoBaTenpHOU TporpamMmbl, mnpeacTaBieHHbx B I'OC COO, a Takke ¢ yd4eToMm
benepanbHOI pabouei mporpaMmbl BociuTaHus 1 KoHieniuuy npenojjaBaHus yaeOHOro
npeamera «®uszukay B 00pa3oBaTeNbHBIX opraHuzanusx Poccuiickoit denepanum,
peau3yIoNINX OCHOBHBIE 00pa30BaTeNIbHbIE TPOIPAMMBI.

[Iporpamma mo ¢usuke omnpeaenser o0sA3aTeNbHOE MPEIMETHOE COJepKaHUE,
YCTAaHABIIUBAET PEKOMEHAYEMYIO IIOCJIEIOBATEIbHOCTh HU3YYEHHS] TEM U Ppa3liesioB
y4e0HOTO MpeaMeETa ¢ y4eTOM MEKIPEIMETHBIX U BHYTPUIIPEIMETHBIX CBS3€H, JIOTUKU
y4e0OHOT0 TIpoIiecca, BO3pacTHBIX 0coOeHHOCcTel oOydaronuxcs. [Iporpamma o dusnke
JAeT TMPEACTABICHUE O IEJSIX, COMCPKAHUH, OOIIEH CTpaTeruu 00ydeHUsI, BOCITUTAHUS
U pa3BUTHS 00 y4aIOIIMUXCS CPEJICTBAMH yueOHOTro npeamera «Pu3nka» Ha yriyoaeHHOM
YpPOBHE.

N3ydenue xypca GuU3MKU yriIyOJIEHHOTO YPOBHsSI MO3BOJISIET pealii30BaTh 3a/1auu
npodecCuoHaNbHOM OPUEHTAITMH, HAMIPABJICHO HA CO3/IaHME YCJIOBUH IS MPOSBICHUS
CBOMX WHTEJUICKTYaIbHBIX U TBOPYECKUX CIIOCOOHOCTEW KaXKIbIM OOyJaromumcs,
KOTOpbI€  HEOOXOMMMBI  JIJIi  MPOAOJDKEHHMs  0o0pa3oBaHUsI B OpraHU3aIUAX
podeCcCHOHaTBLHOTO oOpazoBaHusi MO  PA3IUYHBIM (hUBUKO-TEXHUYECKUM
Y MH)KEHEPHBIM CIIEIUATbHOCTSIM.
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B mnporpamMme no ¢usuke omnpenensroTcs IJIAHUPYEMbIE pPe3yJbTaThl OCBOCHMS
Kypca (U3MKH Ha YpPOBHE CpelHero oOumero oOpa3oBaHMs: JIMYHOCTHBIE,
MeTalnpeIMeTHbIE, IpeaAMETHbIE (Ha yriyOJeHHOM ypoBHE). HayuHo-MeTomomornyeckon
OCHOBOM 15 pa3paboTKH TpeOOBaHUI K TIMYHOCTHBIM, METAPEAMETHBIM U PEAMETHBIM
pe3ysbTaraM O0y4arolKuXcs, OCBOMBIIMX MPOrpaMMy IO (PU3HKE HA YPOBHE CPEIHETO
o01ero 0opa3oBaHusl Ha YIJIyOJIEHHOM YpPOBHE, SIBJIIETCSI CUCTEMHO-AEATEIbHOCTHBIN
IIOXO/.

[IporpamMma o (pusMKe BKIIOYAECT:

IUTAHUPYEMBIE PE3YJIbTaThl OCBOEHUS Kypca (PM3UKU Ha YriTyOJI€HHOM YPOBHE, B TOM
YHCIIE PEIMETHBIE PE3yIbTaThI 110 ro1aM 00Y4eHHUS;

cozepxanue yueOHoro npeamera «dusukay 1o rogaM o0ydeHus;

TEMaTHUYECKOE MIIAHUPOBAHUE 10 ToAaM 00y4YeHMUs;

nepedeHb (KoaudukaTop) MpoBepseMbIX TpeOOBaHMI K pe3ysibTaTaM OCBOEHUS
OCHOBHOW 00pa30BaTEIbHONW MPOrpaMMBbl CPETHErO 00IIero 00pa3oBaHUs U JIEMEHTOB
cofiepKaHusl 1o (pU3MKe.

[Iporpamma o pusrKe UMEET MPUMEPHBIN XapaKkTep U MOXKET OBITh UCIIOIF30BaHa
YYUTEISIMU (DU3UKH JJIS1 COCTABJICHHSI CBOMX pabovMX MpOrpamm.

[Iporpamma 1o (u3HMKe MperocTaBIsieT BO3MOKHOCTH ISl peaIh3alii Pa3inuHbIX
METOJUYECKMX TMOAXOAOB K IMPENoAaBaHUI (U3UKM Ha YIrIIYyOJIEHHOM YpOBHE
IPU YCIIOBUM COXpaHEHUs 0053aTeIbHON YacTU COJIepKaHus Kypca

®du3uka Kak Hayka o HauOosiee OOIIMX 3aKOHAX MPUPOAbI, BBICTYIAsi B KauecTBE
y4e0HOro MpeAMeTa B IIKOJE, BHOCUT CYILIECTBEHHBIM BKJIAJ B CHUCTEMY 3HaHUUI
00 okpyxatomieM wmupe. LlkonbHbIH Kypc GU3MKH — CHUCTEMOOOpPA3yIOIIMIA
JUTSl €CTECTBEHHO-HAYYHBIX Y4EOHBIX MPEIMETOB, IOCKOIbKY (PU3MUECKUE 3aKOHBI JIeKAT
B OCHOBE MPOIECCOB W SBJICHUW, H3y4aeMbIX XHUMHUEH, Ouonorueil, ¢uznueckou
reorpadueil U actpoHoMHuer. Vcmonp30BaHWE W aKTHBHOE NMPUMEHEHHE (HU3HYCCKUX
3HAHUH OIpPEeNEeInIO XapakTep U OypHOe pa3BUTHE pa3HOOOPa3HBIX TEXHOJIOTUM B cepe
DHEPreTUKH, TPAHCHOPTa, OCBOEHUS KOCMOCA, MOJIYYEHUSI HOBBIX MaTEpHAIIOB
C 3aJ]aHHBIMU cBOMcTBamMu. 3yuenue Gpu3ukyu BHOCUT OCHOBHOM BKJIa1 B (HOPMUPOBAHHE
€CTECTBEHHO-Hay4YHON KapTUHbI MHUpa oOydaromierocs, B (opMHpOBaHHE YMEHUH
IPUMEHATh HayYHbIM METO/1 O3HAHUS IIPY BBIIOJIHEHUH UMHU Y4€OHBIX UCCIIEOBAHUM.

B ocHOBY Kkypca (pu3nku Ha ypoBHE CpeqHEro o0uiero oopa3oBaHus MOJIOKEH Pl
UJEN, KOTOPBIE MOKHO PACCMaTPHUBATh KaK IPUHLIUIIBI €r0 TOCTPOCHHUS.

Hoea wuenocmnocmu. B COOTBETCTBUM C HEH Kypc SBISETCA JIOTUYECKH
3aBEPLIEHHBIM, OH COJIEPKUT MaTepHuall U3 BCEX pPa3AesioB (PU3HMKH, BKIIOYAET Kak
BONPOCHI KJIACCUYECKOW, TaK U1 COBPEMEHHOUN (PU3UKHU.

Hoesn zenepanuzayuu. B cooTBeTCTBUM C HEW MaTepuan Kypca (GU3UKH 00beIUHEH
BOKpPYr (¢u3uyeckux Teopud. Benymmum B Kypce sBisgercs (opMupoBaHue
IIPEJICTABIICHNU O CTPYKTYPHBIX YPOBHSIX MaT€puH, BEUIECTBE U TOJIE.

Hoes cymanumapuzayuu. Peamm3zauuss wuaed MpeAnosaraeT HMCHOJIb30BaHUE
IYMaHUTApHOTO MOTEHIMaNa (pU3n4eckol HayKu, OCMBICIICHHE CBSI3U Pa3BUTHUS (DU3UKHU



denepanbHas padoyas nporpamma | @usmka. 10—11 kinaccer (yriryOJIeHHBIH YPOBCHD)

C pa3BUTHEM OOIIECTBAa, a TaKXKEe C MHPOBO33PEHUECKUMHU, HPABCTBEHHBIMU
U DKOJIOTHYECKUMU MTpoOIeMamu.

Hoes npuxnaonoii nanpasnennocmu. Kypc ¢usnky yriyOJIEGHHOTO YpOBHSA
MPENIoiaraeT 3HAKOMCTBO C IIUPOKUM KPYrOM TEXHHUYECKHUX M TEXHOJIOTMYECKHUX
MPUJIOKEHUW U3YYEHHBIX TEOpUU M 3aKOHOB. [Ipym 3TOM paccmaTpuBarOTCS HA YpOBHE
OOIIUX MPEACTABICHUN U COBPEMEHHBIE TEXHUYECKHUE YCTPONUCTBA, U TEXHOJIOTHH.

Hoes 3xkon102uzayuu peamzyeTcsi IOCPEICTBOM BBEICHUS SJIEMEHTOB COJIEP)KaHUS,
MOCBSIIIICHHBIX  DKOJIOTHYECKUM  MpoOJeMaM COBPEMEHHOCTH, KOTOPHIE CBSI3aHBI
C pa3BUTHEM TEXHUKH U TEXHOJIOTHUM, a TaKKe OOCYXKIACHHS MPOOJEM PaIriOHAIBLHOTO
IPUPOJIOTIONB30BAHMS M SKOJIOTMUECKO 0€30acHOCTH.

OcBoeHME  COAEp)KaHWS  MPOrpaMMbl 1O  (UBHKE  JOHKHO  CTPOHUTCS
Ha MPUHIUIIAX CUCTEMHO-IEATEIbHOCTHOrO moaxona. s ¢u3uku peanuszanusi dTUX
NPUHIIMIIOB 0a3upyercss Ha MCIHOJb30BAHMHM CaMOCTOATEIBLHOIO SKCIEPUMEHTa Kak
MOCTOSIHHO JIeicTBYoIero ¢akropa yueOHoro npoiiecca. s yriay0iaeHHOro ypoBHs —
TO CHUCTEMA CAMOCTOSITEIbHOIO YUYEHHYECKOTO JKCIEPUMEHTa, BKIIOYAIOIIETO
(bpoHTaTbHBIC YICHUYECKHE OMBITH MIPH M3YYCHUU HOBOTO MaTepuaia, JJabopaTopHbIe
paboThl U paboThl TpakTHKyma. [Ipm 3TOM BO3MOXHBI JABa crocoba peain3anuu
¢usnyeckoro mpakTuKyma. B mepBoM ciiydyae MpakTUKyM TPOBOAMTCA JUOO B KOHIIE
10 u 11 knaccos, 1100 MOCIE MEPBOTO U BTOPOTO MOJIYTOJUM B KaXKIOM U3 ITHX KIJIACCOB.
Bropoii crioco® — 310 uHTerpaius padoT NpakTUKyMa B CUCTEMY J1a0OpaTOPHBIX padoT,
KOTOpBIE MPOBOMSITCS B MpoIiecce u3ydeHus pazzaena (temsl). [Ipu aTom nox padboramu
MPAKTUKyMa TIOHUMAETCS CaMOCTOSITEIbHOE MCCIEIOBaHUE, KOTOPOE MPOBOIUTCS
10 PYKOBO/JICTBY CBEPHYTOT0, 0000IIIEHHOTO BHia 0€3 MOIIaroBOi HHCTPYKIIUH.

B mporpamme mo ¢usnke cucreMa Y4eHHUECKOTO IKCIIEPUMEHTA, TaOOPaTOPHBIX
paboT M MpaKkTHKyMa TpEJCTaBlicHAa SIUHBIM IepeuHeM. BuiOOp TemaTwKu IJIs ATHX
BHUJIOB  yYYCHWYECKMX  NPAKTHYCCKUX  pabdOT  OCYIIECTBISICTCS  YYaCTHHKAMHU
00pa30BaTeILHOrO MpOIECCa HMCXOAs U3 OCOOCHHOCTEH MOYPOYHOIO IJIAHHUPOBAHUS
U ocHaleHus kabuneta ¢pusuku. [Ipu 3Tom obecrieynBaeTcst OBIaieHnEe 00yIarOIUMHUCS
YMEHHUSMU TIPOBOJIUTH MPSIMBIE U KOCBEHHBIC M3MEPEHUS, HCCIEIOBAHMS 3aBUCUMOCTEH
(bU3HYECKNX BETUYMH U TTOCTAHOBKY OTIBITOB 10 TIPOBEPKE MPETOKEHHBIX THIIOTE3.

bonbiioe BHUMaHuE yaenseTcs PELICHUIO PACUETHBIX M KAaueCTBEHHBIX 3ajlad.
[Ipu sTOM 1711 pacyeTHBIX 3a/ay MPUOPUTETOM SIBISIIOTCSA 3aJa4dl C SIBHO 3aJIaHHOMN
U HESBHO 3a/JIaHHOM (DM3MYECKOW MOJEINbI0, MO3BOJIAIONINE MPUMEHATH H3YYCHHbBIC
3aKOHBl W 3aKOHOMEPHOCTH KaK M3 OJHOro pasleia Kypca, TaKk W HHTErpupys
NpPUMEHEHNE 3HAHWM W3 Pa3HbIX pas3neioB. (s KaduecTBEHHBIX 3a/a4d MPHOPUTETOM
ABIIIIOTCS 3a/laHMsI Ha OOBSCHEHUE/TIPEACKAa3aHhe MPOTEKaHUsl (PU3MUECKUX SIBIICHUN
U TIPOLIECCOB B OKPYXKAIOIIEH >XKU3HU, TpeOyromue BbiOOpa (usnueckoil Mojenu
JUTSI CUTYaIliy TTPaKTUKO-OpPUEHTUPOBAHHOTO XapaKTepa.

B cootBerctBun ¢ tpeboanusimu GI'OC COO k maTepuanibHO-TEXHUYECKOMY
o0ecrieyeHnto yd4eOHOTo Tmpoiecca Kypc (DU3UKM yriayOJeHHOTO YpOBHS Ha YPOBHE
cpeaHero oo1ero o0pa3oBaHus JOHKEH U3y4aThCs B YCIOBUSX MIPEIMETHOrO KaOUHeTa.
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B kabunere ¢u3uku A0MKHO OBITH HEOOXO0IUMOE jabopaTopHOe 00OpYyIOBaHHUE
JUISl BBIMIOJHEHHWS YKA3aHHBIX B MporpaMme 10 (QU3MKE YYCHUYECKUX OIIbITOB,
71a00paTOpHBIX padOT U PabOT MPAKTUKYMA, a TAKIKE IEMOHCTPAIMOHHOE 000pyA0BaHUE.

JleMoHCTpaImoHHoe 00opyaoBaHue (HOPMHUPYETCS B COOTBETCTBUU C MPUHIIAIIOM
MUHAMAJIbHOH  JOCTAaTOYHOCTH H  OOCCIICUMBACT IOCTAHOBKY IEPEYHCIICHHBIX
B IIporpaMme 1Mo (U3WKE KIIOYEBBIX JIEMOHCTpAIUN IS WCCIEAOBAHHUS H3ydaeMbIX
SIBIIGHUW M TPOIIECCOB, IMIUPUUECKUX U (PyHIAMEHTAIbHBIX 3aKOHOB, UX TEXHUYECKUX
MIPUMEHECHU.

JlaGopatopHoe oOopyaoBaHuE JJISI  YYCHHUECKHUX  MPAKTUYECKUX  paboT
dbopMupyeTcsi B BUJie TEMaTHIECKUX KOMIUIEKTOB U OOECTICUMBAETCSI B pacyeTe OJHOTO
KOMILJIEKTa Ha JABYX oOOyyaromuxcs. TeMaTuyeckue KOMIUIEKThI J1abopaTOpPHOIo
000pyIOBaHUSI JOJKHBI OBITH MOCTPOEHBI HA KOMIUIEKCHOM MCIIOJIb30BAaHUU aHAJIOTOBBIX
U UU(pPOBBIX MPUOOPOB, a TAKXKE KOMIBIOTEPHBIX H3MEPUTEIBHBIX CUCTEM B BHUJE
U (PPOBBIX JTAOOpATOPHUIA.

OCHOBHBIMHU TICJIIMH M3y4eHUs (PU3UKHU B 0011eM 00pa30BaHUU SIBIISTFOTCSI:

dbopMupoBaHUE WHTEpPECa W CTPEMIJICHHsI OOYJArOIIMXCA K HAYYHOMY H3YYCHHIO
MIPUPOJIBI, PA3BUTHEC WX HHTEIDICKTYAIbHBIX H TBOPYECKUX CIIOCOOHOCTEHH;

pa3BUTHE TIPEACTABICHUN O HAYYHOM METOAC TO3HAHUS ¥ (OPMUPOBAHHE
HCCJIEIOBATEIHCKOTO OTHOIIEHUS K OKPY/KAIOIIUM SIBIICHUSIM;

dbopMUpOBaHUE HAYYHOIO MHPOBO33PEHHUSI KaK pe3yibTaTa H3Yy4YE€HUS OCHOB
CTPOCHHS MaTepuu U PyHIaMEHTAIbHBIX 3aKOHOB (DU3UKH;

dbopMHUpoBaHUE YMEHHUH OOBSICHATH SBJICHUS C UCIOJIb30BaHUEM (PU3NUECKUX
3HAaHWHA W HAYYIHBIX JIOKA3aTEIIbCTB;

dbopMupoBaHUE TIPEACTABICHHH O PO (U3UKHA JUIT  Pa3BUTHSA  JPYrUX
€CTECTBEHHBIX HAYK, TEXHUKHU U TEXHOJIOTHIA;,

pa3BUTHE TIPEACTABICHUI O BO3MOXHBIX cepax Oymymielr mpodeccuoHaIbHON
NeSTeHbHOCTH, CBA3AHHBIX C (PU3UKOMN, TOATOTOBKA K JAIbHEUIIIEMY O0y4E€HUIO B 3TOM
HaIPABJICHHH.

JlocTiokeHrne OTUX Ieledl O00ECIeurBaeTCsl pENICHHEM CISAYIOIMMX —3ajad
B IIpoLIeCcCe M3yUYeHUs Kypca (U3MKHU Ha YPOBHE CPEHEro 0011Iero 00pa3oBaHus:

NpUOOPETEHUE CHUCTEMBbI 3HAHMK 00 OO0mMX (U3NYECKUX 3aKOHOMEPHOCTSX,
3aKOHAX, TEOPUSIX, BKIIIOUas MEXaHUKY, MOJEKYISAPHYIO (U3UKY, AJIEKTPOJUHAMUKY,
KBaHTOBYIO (PM3UKY U 3JIEMEHTHI acCTPO(PU3UKH;

dbopMupoBaHHE YMEHUW NPHUMEHSATh TEOPETHUCCKUE 3HAHUS I OOBSCHEHUS
bu3nYecKX SABJICHUN B TIPUPOAEC MW I TPUHATAS TPAKTHYCCKUX PEIICHUN
B TIOBCEJHEBHOM JKU3HU;

OCBOCHHE CIIOCOOOB PEIICHMsI PAa3JIMYHBIX 3a7a4 C SBHO 3aJaHHOW (U3MUECKON
MOJIEIIBIO, 33/1a4, TTO/IPAa3yMEBAOIINX CAMOCTOATENIbHOE COo3aHne (U3HMUECKOM MOJIEINH,
COOTBETCTBYIOIIEH YCJIOBUSAM 33/1a4d, B TOM YHCIIC 33]]a4 MHKECHEPHOTO XapaKTepa;

NOHNMaHue (PU3MIECKUX OCHOB U MPHUHIIAIIOB JEHCTBUS TEXHUUYECKUX YCTPOWCTB
Y TEXHOJIOTHYECKHUX MPOIECCOB, MX BIUSHUS Ha OKPYXKAIOIIYIO CPEAY;
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OBJIAJICHUE METOJAAMH CaMOCTOSITENIbHOTO IUTAaHUPOBAHMUS M TIPOBEICHUS
(bu3NYECKUX IKCIEPUMEHTOB, aHAIM3a U MHTEPIpPETalud HHPOPMAIIHH, OMPEACICHHUS
JIOCTOBEPHOCTH MOJTYYEHHOTO PE3yJIbTaTa;

CO3JlaHUE YCJIOBUH JUId pa3BUTUS YMEHUH MPOEKTHO-HCCIEI0BATENBCKOMH,
TBOPYECKOM JIEATENbHOCTH;

pa3BUTHE UHTEpeca K cdepam MNpoPEecCHOHAIBHON AESITeIbHOCTH, CBSI3aHHOM
¢ (PUBUKOM.

B cootBerctBuun ¢ TpeboBanusimu GI'OC COO yriyOneHHbId YPOBEHb U3y4EHUS
yuebHoro npeamera «Ou3nkay Ha YpOBHE CPEAHETO O0IIero 00pa3oBaHus BEIOMpPAETCS
O0y4aroUIMMUCs, IJIAHUPYIOIUMHU TMPOJOJDKEHHE 00pa30oBaHMs IO CIEHUATbHOCTIM
(U3UKO-TEXHUIECKOTO TIPODHIIA.

OO1iee 4yKMCIO0 4acoB, PEKOMEHJOBAHHBIX JUIA H3ydyeHUs (Gu3uku (yriryOJeHHBINA
ypoBeHb), — 340 yacoB: B 10 kmacce — 170 gacoB (5 yacoB B Henenwo), B 11 kmacce —
170 gacoB (5 yacoB B HEJIEIIIO).

[Ipennaraemsiii B mporpaMme 1o (pu3uKe nepeyeHb Jad0paTopHbIX U MPAKTHYECKUX
paboT SBISIETCSI PEKOMEAOBAaHHBIM, YUUTENb JEIaeT BHIOOp MpOBeICHUs Ja00paTOPHBIX
padoT U OMBITOB C YYETOM MHIMBUIYaTbHBIX OCOOEHHOCTEN 00Yy4arOImNXCs.

B mnporpamme no (Qusmke Kaxmoro Kiacca Ipeajiaraercsi pe3epB BPEMEHH,
OTBOJMMBIN Ha BaPHATHBHYIO YacCTh MPOrPAaMMBI, COAECpKAHHE KOTOPOil (hopMuUpyeTcs
ydyacTHUKaMu oOpa3oBaresibHOro mpoiecca. Jlobass pabouas mnporpamMma JoJDKHA
MOJTHOCTBIO BKIIOUATh B ce0s colleprkaHue JaHHOM MporpaMmbl 1o (pusmke.
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COJEPXXAHUE OBYYEHUA

10 KJIACC

Paszgen 1. HayuyHbiid MeTOX MO3HAHMS PUP ObI

®uzuka — (QyHAaMeHTalbHAasE Hayka o mpupoge. HayuHblii MeToJ MMO3HaHUA
Y METOIbl UCCIIe0BaHUs (PU3UUECKUX SIBICHUM.

OKCnepuMeHT M Teopus B IIpoliecce TMOo3HaHus mnpuponabl. HaOmonenue
U DKCIIEPUMEHT B (PU3UKE.

CrmocoObl  u3MepeHus (U3NYECKHX BEIWYMH (QHAJOTOBBIE U IU(POBBIC
U3MEepUTEIbHBIE MPUOOPHI, KOMITbIOTEPHBIE JATYMKOBBIE CHCTEMBI).

[TorpemHocTy n3MepeHnil PU3nUeCKUX BeIUUNH (a0COMIOTHAS U OTHOCUTENbHAS).

MonenupoBanre (U3NYECKUX SBICHUW M TPOLECCOB (MaTepuanbHas TOYKa,
a0COJIIOTHO TBEPJOE TEJO, WJCAJIbHAs JKUIKOCTb, WJICANbHBIN ra3, TOUYCUHBIH 3apsin).
['unore3a. @U3MYECKUI 3aKOH, TPAHULIBI €r0 TPUMEHUMOCTH. DU3NYECKas TeOpusl.

Ponb u mecto pusuku B GopMUPOBAaHUHM COBPEMEHHOW HAYYHOW KapTUHBI MUpA,
B IIPAKTUYECKOMN ACATEIBHOCTH JFOACH.

Yyenuueckuii sxcnepumenm, 1abopamopHvle pabomul, NPAKMUKYM

N3mepenue cuibl TOKAa W HAMpsDKEHHUS B IEMU MOCTOSHHOTO TOKA MPHU TTOMOIIH
AHAJIOTOBBIX W MU(PPOBBIX H3MEPHUTEIBHBIX MPHOOPOB.

3HaKOMCTBO ¢ 1MQppoBoil maboparopueit mo Qusuke. Ilpumepbr wuzMepeHus
(bu3MUEeCKUX BETUYUH TIPU MOMOIIHM KOMIIBIOTEPHBIX JATUUKOB.

Paznen 2. Mexanunka
Tema 1. Kunemamuka

Mexanuueckoe ABukeHHe. OTHOCUTEIIBHOCTh MEXaHUUYECKOT O IBKeHus1. Cucrema
oTcUeTa.

[Ipsimast u oOpaTHast 3a7ja41 MEXaHUKHU.

Panunyc-BekTop MarepuanbHOM TOUKH, €r0 MPOEKIIMU HAa OCU CUCTEMBI KOOPAUHAT.
Tpaexropus.

[lepemerienne, CKOPOCTh (CpeaHssl CKOPOCTh, MTHOBEHHAS CKOPOCTh) M YCKOPEHHUE
MaTepuagbHONM TOYKHM, HX TMPOEKIMU HAa OCH CHUCTEeMbl KoopauHat. CroxkeHue
IIEPEMELLEHUN U CII0KEHNE CKOPOCTEN.

PaBHOMEpHOE ¥ PaBHOYCKOPEHHOE TMPSMOJIMHEWHOE JBU)KEHHE. 3aBHCHUMOCTH
KOOpJIUHAT, CKOPOCTH, YCKOPEHHS W MYTH MaTepUAIbHOM TOYKH OT BPEMEHU U HX
rpaduku.

CBoOomHoe TMajicHHe. YCKOpEHHE CBOOOJHOro majeHus. JIBkeHue Tena,
OpOIIIEHHOTO O/ YIJIOM K TOPU30HTY. 3aBUCUMOCTh KOOPJIUHAT, CKOPOCTU U YCKOPEHUSI
MaTepraaIbHON TOUYKH OT BPEMEHU U MX IPapuKH.

Kpuposmneiinoe nBwkeHue. J[BUKEHHME MaTepUaibHOM TOYKHA MO OKPYKHOCTH.
VYrnoBas u nuHelHast ckopocTb. [lepuon u yactora oOparnieHus. LleHTpocTpeMuTenbHoe
(HOpMalnbHOE), KacaTesbHOE (TaHT€HIMAIbHOE) U TMOJIHOE YCKOPEHHUE MaTepHabHOM
TOYKH.
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Texnuueckue YCTpOfICTBa N TCXHOJIOTHYCCKHUC IIPOLCCCHI: CIIMAOMCETP, ABUIKCHHUC
CHapsAa0B, HCIIHBIC, HICCTCPCHYATHIC U PCMCHHBIC IEPpEaavdn, CKOPOCTHEBIC J'H/I(l)TBI.

Jlemoncmpayuu

Mogenb cHCTEMBI OTCYETa, WUIIOCTpAlUsl KUHEMATHYECKUX XapaKTePUCTHUK
JBH>KCHUSL.

CnocoOblI McciIefOBaHUS TBUKEHUH.

NnmocTpanus npeaenbHoro nepexoaa u U3MEpEeHNE MTHOBEHHOW CKOPOCTH.

IIpeobpazoBaHue IBMKCHUIN ¢ UCIIOIB30BAaHUEM MEXaHHU3MOB.

[Tamenue Ten B BO3AYXE U B Pa3peKEHHOM MPOCTPAHCTRBE.

HabGmionenne JBuWKeHUA Tena, OpOIIEHHOTO TMOJ YIJIOM K TOPU3OHTY
Y TOPU3OHTAJIBHO.

HampaBnenne ckopoctu npu IBUKEHUU 110 OKPYKHOCTH.

[IpeoGpazoBanue yrioBoil CKOPOCTH B PEIYKTOPE.

CpaBHeHUE NyTeM, TPAGKTOPUU, CKOPOCTEHl NBMKEHUS OJHOTO M TOrO XK€ Tela
B Pa3HbBIX CUCTEMAaX OTCYETA.

Vuenuuecxuii sxcnepumenm, rabopamopHvle pabomol, NPaAKMUKYM

N3yyeHne HEPaBHOMEPHOTO JBHMXKEHHUS C IEIbK0 ONPEACICHUS MIHOBEHHOM
CKOPOCTH.

N3mepenne yckopeHHsT MNpU TPAMOIMHEHHOM PAaBHOYCKOPEHHOM JIBUKCHUU
110 HAKJIOHHOM TJIOCKOCTH.

HccnenoBanue 3aBUCUMOCTH ITyTH OT BPEMEHH ITPU PABHOYCKOPEHHOM JBHUKCHUH.

N3mepenne yckopeHHUsi CBOOOJHOrO majcHUs (PEKOMEHIOBAHO HCIIOJIb30BAHHE
1 dpoBoi 1abopaTopun).

N3ydyenne nBUKEHUS Tejia, OPOIIEHHOTO TOPU3OHTANIbHO. [IpoBepka THMOTE3BI
O MPSIMOM MPOMOPLIMOHAIBHON 3aBUCHUMOCTH MEXAY JAIbHOCTBHIO MOJIETa U HA4aJIbHOM
CKOPOCTBIO TeJIa.

N3yuenune nBUKEHUS TeJla MO OKPYKHOCTH C IMTOCTOSIHHOM 1O MOJTYJII0 CKOPOCTBIO.

HccnenoBanne 3aBUCHMOCTH TIEproIa OOparieHuss KOHUYECKOro MasTHUKA OT €ro
MapaMeTPOB.

Tema 2. lunamuxa

[lepBeii 3akoH Herorona. HMHepumanbHble cuUcCTEMbl oTcuera. [IpuHIMI
otHocuTenbHOCcTH [anunes. HeunepruanbHble CcUCTEMBl oOTcueTa (ONpeeTeHUE,
IPUMEDBI).

Macca Tena. Cuita. [IpyHIMI Cyneprno3uLuy CUlL.

Bropoii 3akoH HproTOHA 111 MaTEpUAIIBHOW TOYKH.

Tpernii 3ak0oH HproTOHA 111 MaTEpUAIBHBIX TOYEK.

3aKOH BCEMHPHOIO TATOTEHHUSA. DKBUBAICHTHOCTh I'PABUTALIMOHHOW M MHEPTHOM
MacCCHhI.

Cuna TsokecTH. 3aBHCUMOCTh YCKOPEHHMSI CBOOOJHOTO MaJCHUsT OT BBICOTHI
HaJ1 TOBEPXHOCTHIO TUIAHETHI U OT reorpaduueckoil mupoTsl. JBrkeHne HeOECHbIX Tel
U UX cnyTHUKOB. 3akoHbl Kennepa. [lepBasg kocmuyeckas CKOpOCTb.
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Cuia ynipyroctu. 3akoH ['yka. Bec Tena. Bec Tena, IBH>KYIIETOCS ¢ YCKOPEHUEM.

Cuna tpenus. Cyxoe Tpenue. Cuiia TpeHMS CKOJIBKEHUS M CUJIA TPEHMS IOKOS.
Koapduument tpenns. Cuiia conpoTUBIEHUS IPU IBHXKEHUH TeNa B )KUJIKOCTU WJIH rase,
€€ 3aBUCUMOCTb OT CKOPOCTH OTHOCHTEIBHOTO JIBUKEHUS.

Hasnenune. ['mapocrarnueckoe nasnenue. Cuna Apxumena.

TexHuyeckue ycTpoiicTBa M TEXHOJIOTMYECKUE MPOLIECCHI: MOIIIUITHUKH, ABUKEHHE
VCKYCCTBEHHBIX CITYTHUKOB.

Jlemoncmpayuu

HaGmronenue nABWKEHUS Tel B WHEPIUAIBHBIX W HEHMHEPLUHAIBbHBIX CHCTEMax
oTCUeTa.

[IpyuHIMI OTHOCUTENLHOCTH.

Kauenue nByx HMJIMHAPOB WM IIAPOB PA3HOW MACCHI C OJMHAKOBBIM YCKOPEHUEM
OTHOCUTEJIbHO HEUHEPLIHATbHON CUCTEMBI OTCUETA.

CpaBHEHUE PaBHOJACUCTBYIOUIECH MPUIOKEHHBIX K TEIy CUJ C MHpPOU3BEIACHUEM
Macchl TeJIa Ha €ro YCKOPEHUE B MHEPIIUAIBHON CUCTEME OTCUETA.

PaBeHCTBO CHJI, BOBHHKAIOIIUX B Pe3yIbTaTe B3aUMOJCHCTBHS TEJI.

N3mepenune Macc 1o B3auMOICHCTBUIO.

HesecomocTs.

Bec Tena npu yCKOpEeHHOM MOIbEME U MaJACHUM.

[eHTpoOeKHbIE MEXAaHU3MBI.

CpaBHeHUE CUJT TPEHUS MMOKOSI, KAUCHUS U CKOJIbKEHUS.

Yuenuueckuii osxcnepumenm, rabopamophule pabomul, RPAKMUKYM

N3mepenue paBHONEWUCTBYIOMIEH CHUJI TIPU JIBIDKCHUHM OpyCKa IO HAKJIOHHOM
MJIOCKOCTH.

[TpoBepka rUMOTE3bI O HE3aBUCHUMOCTH BPEMEHH JBIKECHUS OpycKa 10 HaKJIOHHOM
IJIOCKOCTH Ha 33JIaHHOE PACCTOSTHUE OT €r0 MacChl.

Hccnenoanue 3aBUCHUMOCTH CHJI  YINPYrOCTH, BO3HUKAIOUIMX B MPYKHUHE
U PE3MHOBOM 00paslie, OT X JegopmMariuu.

N3ydenue NBYKEHHSI CHCTEMBI TEJl, CBI3aHHBIX HUTHIO, IEPEKUHYTON Yepe3 JISTKUn
OJIOK.

Nsmepenne kodduimenta TpeHHs] TO BEIWYWHE YIIIOBOTO Kod(duimenta
3aBucumoctu Frp(N).

UccnenoBanue paBuxkeHUss Opycka IO HAKIOHHOM IIJIOCKOCTH C TEPEMEHHBIM
K03 PUIIEHTOM TPEHHUSI.

N3ydenue aBMKEHUS Tpy3a Ha Baly C TPEHUEM.

Tema 3. Cmamuxa meepoozo mena

AbGcomoTHO TBepaoe Teno. [locTynarensHoe 1 BpalaTreabHOe IBUKEHUE TBEPAOTO
Tena. MOMEHT CHJIbI OTHOCUTENBbHO OcH BpaieHus. [lnedo cumbl. CroxeHue cui,
MPUJIOKEHHBIX K TBEpAOMY Teny. LIeHTp TskecTu Tena.

VYcnoBusi paBHOBECHS TBEPAOIO TEA.

10
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VYcroitunBoe, HeyCTONYMBOE, 0€3pa3INuHOE PABHOBECHE.
TexHuyeckne yYCTPOMCTBA M TEXHOJOTMYECKHE IPOLIECCHL:  KPOHUITEMNH,
CTPOMUTENbHBINA KpaH, PeIIeTYaThle KOHCTPYKIUU.

Jlemoncmpayuu
Y cnoBust paBHOBECHS.
Bunbl paBHOBECHS.

Yuenuueckuui sxcnepumenm, rabopamophsie pabomuvl, NPAKMUKYM
HccnenoBanne ycimoBril paBHOBECUS TBEPAOTO TENA, UMEIOLIETO OCh BPALLICHMUS.
KoHncTpynpoBanue KpOHIITENHOB U pacyeT CUII YIIPYTOCTH.
N3ydenne ycTOMYMBOCTH TBEPAOTO TEJIA, UMEIOLIErO TUIOMIAJb OMOPBI.

Tema 4. 3akonvl coxpanenusn ¢ MexaHukKe

NMnynec MarepualbHOM TOYKH, CUCTEMBI MaTepuaibHbIX TodeK. LleHTp Mmacc
CUCTEMBI MaTepUaAJIbHBIX TOYEK. TeopeMa O JBHKEHUH LIEHTpa Macc.

NMItynbce CUIIBI M U3BMEHEHHUE UMITYJIbCA TENA.

3aKOH COXpaHEHHs UMITYJIbCA.

PeaxtnBHOE nBMXEHNE.

MoMeHT umnyapca MaTepUAIbHON TOUYKH. [IpencraBienne o coxpaHeHUH MOMEHTA
MMITYJIbCA B HEHTPAIBHBIX MOJIAX.

PabGora cuiasl Ha MaJoM W Ha KOHEYHOM mepemenieHuu. ['paduueckoe
IPECTaBJIEHNUE PA0OThI CUJIBL.

MoOIHOCTB CHUIIBIL.

Kunernueckass »Hepruss MarepuaibHOM TOuku. Teopema 00 U3MEHEHHH
KUHETUYECKOW YHEPTUU MaTEePUaIbHON TOYKHU.

[loreHunanpHble W  HENOTEHUHWANbHblE Cwibl. [loTeHIManbHass  SHEpPrus.
[lorenumanbHast »HEprus ynpyro ae@opMupoBaHHOM npyxkuHbl. [loTeHuManbHas
DHEPIus Tejla B OJHOPOJHOM I'pPaBUTALMOHHOM noiie. lloreHnumaneHas sHeprus Ttena
B IPaBUTALMOHHOM I10JI€ OJTHOPOJHOT O apa (BHYTPH U BHE mapa). Bropas kocMuueckas
CKOPOCTb. TpeTbst KOCMHUYECKAsA CKOPOCTb.

CBs3p palOOThl HEMOTEHUUAIbHBIX CHJI C MU3MEHEHHEM MEXaHHYECKOW SHEPruu
CUCTEMBI T€J1. 3aKOH COXPaHEHUS MEXaHUYECKOW JHEPI M.

VYipyrue u HEyNpyrue CTOJIKHOBEHUS.

YpaBHeHnue bepHyM Uil HMIEANBHOM JKMAKOCTH Kak CIEJACTBUE 3aKOHaA
COXPaHEHHUsI MEXaHUYECKOU SHEPIUH.

TexHHu4ecKkne yCTpPOMCTBA M TEXHOJIOTMYECKHE ITPOLIECCHI: JIBHIKEHUE PAKET,
BOJIOMET, KOIEp, MPYKUHHBIN MUCTOJIET, THPOCKOIN, (PUT'YPHOE KaTaHUE HAa KOHBKAX.

Jlemoncmpayuu
3aKOH COXpaHEHUSI UMITYJIbCA.
PeaktuBHOE 1BHXKEHMUE.
N3mepenune MOILHOCTH CUJIBI.
N3meHeHue 3Hepruu Tella Mpu COBEPLIEHUU PAOOTHI.

11
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BzaumubIe npeBpallieHrs KHHETUYECKOW U ITOTEHIIUMATIbHOW YHEPT U TIPU JCWCTBUA
HA TEJO CUJIbI TSHKECTH Y CUJIbI YIIPYTOCTH.
CoxpaHeHue SHEepruu Mpu CBOOOTHOM IaJICHHH.

Yuenuueckuu sxcnepumenm, rabopamopuvie pabomuol, NPAKMUKYM

N3mepenue nMmnyiibea Teia 1o TOpMO3HOMY ITYTH.

N3mepenue cuitbl TATH, CKOPOCTH MOJIEIH 3JEKTPOMOOMIISI U MOLTHOCTH CHUJIBI TSTH.

CpaBHeHHE U3MEHEHUS UMITYJIbCA TEJIa C UMITYJIbCOM CHJIBI.

HccnenoBanne coXpaHeHust UMIYJIbCa IIPU YIIPYTOM B3aUMOJEHCTBHM.

N3mepenne KHUHETUYECKOW YHEPIUU TEJIa [0 TOPMO3HOMY ITYTH.

CpaBHeHHE HM3MEHEHHS TNOTEHUHUATBLHOM HSHEPruu MPYKUHBI C pabOTON CHUJIbI
TPEHUS.

Omnpenenenue pabOTHI CUIIBI TPEHUS MTPH ABHKEHUH TeJIa TI0 HAKJIIOHHOM MJIOCKOCTH.

Pasznen 3. MousiekyasipHasi pU3MKAa U TEPMOAUHAMHUKA
Tema 1. Ocnogvt MONEKYAAPHO-KUHEMUYECKOU Mmeopuu

OcHOBHBIE TTOJIOKEHUSI MOJIEKY IsipHO-KuHeTn4Yeckoil Teopun (MKT), ux onsiTHOE
obocHoBanue. Juddys3us. bpoyHoBckoe  IBIKEHHME.  XapakTep  ABUKCHUS
Y B3aMMOJEICTBUS YacTull BeulecTBa. Mojienu CTPOCHHS ra30B, JKUJIKOCTEN U TBEPBIX
Tel U OOBACHEHHE CBOWCTB BEIIECTBA Ha OCHOBE ATHUX Mojeneld. Macca u pa3mepbl
Mosekyn (atoMoB). KonunuectBo BemecTBa. [ToctosinHast ABoraapo.

TeroBoe paBHOBecue. TemmepaTrypa u cmnocoOsl ee wusMmepenus. [llkana
temneparyp Llenbcust.

Mopnenp uAeaIbHOTO ra3a B MOJEKYJSIPHO-KMHETUYECKOM TEOPHM: YaCTULbI rasa
JBIKYTCSI XaOTHYECKHU U HE B3aMOJEHCTBYIOT APYT C APYT'OM.

lazoBeie  3akoHbl.  YpaBHeHue MenneneeBa—Kmaneiipona.  AGcomoTHas
temrneparypa (mkaia Ttemrnepatyp KenbBuna). 3akon JlanbroHa. M3omponecchl
B UJI€aJIbHOM T'a3e C MOCTOSTHHBIM KOJIMYECTBOM BelllecTBa. [ 'paduyeckoe mpecraBieHre
M30IPOLECCOB: U30TEPMa, U30X0Pa, u300apa.

CBsi3b MEXIYy AABJICHUEM WM CPEOHENW KMHETUYECKOW SHEpPrued MOCTYIATEIbHOrO
TEIJIOBOIO JBUKEHUS MOJIEKYJI UACAIBHOIO ra3a (OCHOBHOE YPAaBHEHHE MOJIEKYIISIPHO-
KHHETHYECKOW TEOPUHU UEaTbHOIO rasa).

CBs3bp a0CONIOTHOM TeMIIEpaTypbl TEPMOJUHAMUYECKONW CHCTEMBI CO CpEIHEH
KHMHETHYECKOW SHEPIUel MOCTYNaTeIbHOr0 TEMIOBOIO ABUKEHUS €€ YaCTHULL.

TexHuueckne ycTpoilcTBa U TEXHOJOTHYECKHE MPOLIECCHI: TEPMOMETP, OApOMETD,
IIOJIyY€HHE HAHOMAaTEPHAJIOB.

Jlemoncmpayuu
Mogenu ABUXEHUS YaCTHI] BEIIECTBA.
Mogenb OpOYHOBCKOT'O IBUAKEHUS.
Buneoponuk ¢ 3anuchio pearbHOro OPOYHOBCKOTO JABUKCHHUSI.
Hudbdysust xuaKocTen.
Mogens onbita IITepHa.

12
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[TputsoxeHne MOJIEKYIL.
Mopenu KpUCTaTHYECKUX PEIIETOK.
HaGmonenue u nccienoBaHne U30MPOIECCOB.

Yuenuueckuii osxcnepumenm, rabopamopnule pabomul, NPAKMUKYM

HccnenoBanue nporiecca yCTaHOBIICHUS TETJIOBOTO PABHOBECHS MPHU TEIIIO00MEHE
MEX1Y TOpsiYEr U XOJIOIHOU BOIOM.

N3ydenue wu30oTepMUYECKOro mporecca (PEeKOMEHIOBAaHO — HCIIOJIb30BAHHE
urdpoBoit 1aboparopumn).

N3ydyeHune n30X0pHOro nporecca.

N3ydenue nzodbapHoro mporecca.

[IpoBepka ypaBHEHHUS COCTOSIHUSI.

Tema 2. Tepmoounamuka. Tennoevie mawiunot

TepMonnHamuueckas (TH) cucreMma. 3ajaHie  BHEIIHUX  YCJIOBUH
JUIs TEPMOJAMHAMHUYECKON cUcTeMbl. BHenTHue u BHyTpeHHHE napameTpsl. [lapameTpsl
TEPMOJANHAMHUYECKON CHUCTEMBI KaK CPEIHHE 3HAUYECHUS BEJIMYMH, OINHCHIBAIOLIUX €€
COCTOSIHME€ Ha MUKPOCKOIIMYECKOM YPOBHE.

HyneBoe  Hawano  TepMOAMHAMHUKHU. CamonpousBosibHast  penakcarus
TEPMOJMHAMHYECKON CUCTEMBI K TEMJIOBOMY PaBHOBECHIO.

Mopaenp uaeanbHOro raza B TEPMOJMHAMHMKE — CHUCTEMa yYpaBHEHUI: ypaBHEHUE
Menneneepa—Knaneiipona W BbIpaXEHUE U1 BHYTPEHHEW DSHEpPruu. Y CIOBUSA
MPUMEHUMOCTH 3TON MOJEIN: HU3Kasi KOHIEHTpAlUsl YacTHI], BBICOKUE TeMIIEepaTyphbl.
BripaxkeHnue 17151 BHyTpEHHEW SHEPruy OJHOATOMHOTO UACAIbHOTIO Ta3a.

KBasucratnueckne u HECTaTUUECKUE MPOLIECCHI.

OnemeHTapHas pabota B TepMoAuMHaMuKe. Bwruncinenue paboTel 1Mo Tpaduky
rpolecca Ha pV-auarpaMmme.

Temonepenaya kak cnocod M3MEHEHHsI BHYTPEHHEW YHEPTrUU TEPMOAMHAMUYECKOM
cucTeMbl 0e3 coBepileHust padoTbl. KOHBEKIMS, TEMIONPOBOAHOCTD, U3TyUYECHHUE.

KomnuectBo Temnotsl. TermmoeMkocTs Tena. Y AenbHas U MOJISIpHAs TEMIOEMKOCTH
BEIIECTBA. YpaBHeHHWe Maiiepa. YaenpHas TeEmIOTa CropaHusi TomuMBa. Pacuer
KOJIMYECTBA TEIUIOTHI MpH Terionepenade. [lonstue 06 aquadbarHom mporiecce.

IlepBblii 3aKkOH TepMOAMHAMUKU. BHyTpeHHsAs 3Heprusd. KoamyecTBO TEmIOTHI
1 paboTa Kak Mepbl H3MEHEHUS BHYTPEHHEH YHEPTUU TEPMOIUHAMUYECKON CUCTEMBI.

BTopoil 3akOH TepMOAMHAMHUKH JJIsl PAaBHOBECHBIX IMPOLECCOB: 4YEpE3 3aJaHHOE
PAaBHOBECHOE COCTOSIHUE TEPMOJUHAMUYECKOW CHUCTEMBI TPOXOAUT E€AUHCTBEHHAs
anuabara. AOCOIOTHAs TeMIepaTypa.

BTopoil 3akOH TepMOIMHAMUKHU [Jii HEPABHOBECHBIX IMPOLECCOB: HEBO3MOXKHO
nepeaaTh TEIUIOTY OT Oojee XOJIOAHOTO Tejla K 0oyiee Harperomy 0e3 KOMITEHCAIMU
(Knay3uyc). HeoOpatumMoCTh IPUPOIHBIX MPOLIECCOB.

[Tpunnune! nectBus TerioBbix MammH. KIT/I.

Makcumansnoe 3HaueHue KIIJI. [ukn Kapno.
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DKOJIOTUYECKHE AaCTIEKThl HCIOJIb30BAHUS TEIUIOBBIX JBHUrarelieid. TemiaoBoe
3arpsi3HEHUE OKPYKAIOIIEH CPEbl.

TexHuyeckue yCTpOWCTBA M TEXHOJIOTMYECKHME IMPOLIECCHI:  XOJOJIUJIbHUK,
KOHJUIIMOHED, NTU3EIbHBIA U KapOIOPaTOPHBIN IBUraTEN!, TapoBasi TypOrUHA, TOJTydEeHUE
CBEPXHU3KUX TEMIIEpaTyp, YTUIU3ALUS «TEIJIOBBIX» OTXOJIOB C HCIOJIb30BAaHUEM
TEIJIOBOIO Hacoca, YTWIM3alUus OMOOPraHMYECKOro TOIUIMBA JUJISl  BBIPAOOTKH
«TEIJIOBOW» U 3JIEKTPOIHEPTUU.

Jlemoncmpayuu
N3menenue temnepaTypbl Ipu aAuadaTUYECKOM PaCHIUPEHUU.
Bo3znymiHoe orauso.
CpaBHeHUE yIEIbHBIX TEIIJIOEMKOCTEH BEIIECTB.
CrocoObI M3MEHEHMsI BHYTPEHHEH YHEPTHUU.
HccnenoBanne aquabaTHOTO mMpoIiecca.
KomnbroTepHbie MOJIEIN TEMIOBBIX JBUTATEIICH.

Yuenuueckuii axcnepumenm, iabopamopuvie pabomuvl, NPAKMUKYM

N3mepenue ynenpHOM TemI0EMKOCTH.

HccnenoBanue npoiiecca OCThIBaHUS BELIECTBA.

Hccnenosanue aguabaTHOrO mponecca.

WN3ydenue  B3aMMOCBSI3W  SHEPIHM  MEXMOJEKYJISIPHOTO  B3aHMMOJIECHCTBHUS
U TeMIEePaTypbl KUTICHUSI )KUIKOCTEH.

Tema 3. Acpecammnsvie cocmoanusa eeuwiecmea. Dazoevie nepexoovl

[TapooOpa3zoBanue u koHjaeHcalus. McmapeHue u KurieHue. YJeiabHas TemioTa
napooOpa3oBaHuUs.

Haceimennbie 1 HeHackIlleHHBIE Tapbl. KaduecTBeHHass 3aBUCUMOCTh IJIOTHOCTH
W JaBJCHUS HACHIIIEHHOIO Tapa OT TEeMIEepaTypbl, UX HE3aBUCHUMOCTh OT OOBbeMa
HACBIIIEHHOT O Nlapa. 3aBUCUMOCTb TEMIIEPATyphbl KUTIEHUS OT AABJICHUS B KUIKOCTH.

BnaxuocTh Bo3ayxa. AOCONMIOTHAS U OTHOCUTEIbHAS BIAYKHOCTb.

Teepnoe Tteno. Kpucramnmueckue u amopdubie Tena. AHU30TPONHS CBOWMCTB
KpuctaiuioB. IlmaBneHne W Kpucraumzanus. YAelbHas TEIUIOTa IUIABJICHHUS.
Cybnumarius.

Hedbopmanuu TBepaoro tena. Pactspkenwe u cxarue. Chasur. Monpyns FOwra.
[Ipenen ynpyrux aepopmMaiuii.

TemoBoe pacmMpeHue KUAKOCTEM W TBEPABIX Tel, O0ObEeMHOE M JIMHEHHOEe
pacmiMpeHre. AHrapMOHU3M TEIUIOBBIX KOJieOaHWM 4YacTHUIl BEIIECTBA Kak IpUYMHA
TEIJIOBOTO pacUIupeHus Tel (Ha KaueCTBEHHOM YPOBHE).

[IpeoGpazoBanue sHEPruu B (Pa30BBIX MEPEXOAAX.

YpaBHeHME TemI0OBOro Oananca.

[ToBepxHocTtHoe HarspkeHHe. Ko0d(pGUIIMEHT MOBEPXHOCTHOTO  HATSHKCHHUS.
Kanumnsipuele siBineHus. [laBieHue I10J MCKPUBICHHOM MOBEPXHOCTBIO KHUJIKOCTH.
®opmymna Jlamaca.
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Texnuueckue YCTpOfICTBa N TCXHOJIOTHYCCKUC IIPOLCCCHI: KUIAKHUC KPHUCTAJLIbI,
COBPCMCHHBIC MATCpPHUAJIbI.

Jlemoncmpayuu
TennoBoe pacupeHue.
CaoiicTBa HACBHIILIEHHBIX MTapOB.
Kunenne. Kunenne npu noHM>KEHHOM JTaBJICHUU.
MN3mepenue cuiibl TOBEPXHOCTHOTO HATSIKEHMUSI.
OnBITH ¢ MBUILHBIMM TUICHKAMH.
CmauuBaHue.
Kanumisipasie siBiaeHusI.
Moienyu HEHbIOTOHOBCKOM JKHJIKOCTH.
CrocoObI n3MepeHust BIaXKHOCTH.
HccnenoBanne HarpeBaHus U MJIABJICHUS KPUCTAJUIMYECKOT O BELIECTBA.
Bune! nedopmariuii.
Hab6mronenmne manbix nedopmaruii.

Yuenuueckuui sxcnepumenm, rabopamopmvie pabomul, NPAKMUKYM

N3yyeHne 3aKOHOMEPHOCTEN UCTTAPEHUS JKUIKOCTEM.

N3mepenune ynenbHON TEIUIOTHI TIaBIEHUS JIbJIA.

N3y4yeHne CBOWCTB HACBIIIEHHBIX AaPOB.

N3mepenne aOCONIOTHOM BIAQXHOCTHM BO3JlyXxa M OLIEHKA MacChl IapoB
B [TIOMEILICHHH.

Nsmepenune kodpduiimerTa ToBEpXHOCTHOTO HATSKEHUS.

N3mepenue moayns FOwra.

HccnenoBanue 3aBUCMMOCTH AepopMaIiii pe3MHOBOr0 00pasiia OT MPUIIOKEHHOM
K HEMY CHJIBI.

Paznen 4. diaekTpoauHaMuKa
Tema 1. Inexkmpuueckoe none

DneKkTpu3alus Tel MU €€ NPOABICHUS. OJeKTpuueckuil 3apsia. JBa Buna
ANEKTPUYECKUX  3apsiioB.  [IpOBOAHUKM,  JUAIEKTPUKA U TOJYIPOBOJHUKHU.
DJIeMEHTapHBINA JIEKTPUUECKUN 3apsil. 3aKOH COXPAHEHUs SJIEKTPUUECKOTO 3apsiia.

B3anmoneiictBue 3apanoB. Toueunsie 3apsasl. 3akoH KynoHa.

DnekTpuueckoe nose. Ero neiicTBrue Ha 3IEKTPUUECKUE 3apsIbl.

Hanpsioxennocts snextpudeckoro mnosst. [IpoOHbrit 3apsia. JInHuM Hanps>KeHHOCTH
AIEKTPUIECKOro Noyst. OTHOPOAHOE NEKTPUUYECKOE MOJIE.

[ToTeHUIMATbHOCTh ~ DJIEKTPOCTATHYECKOrO  MMOoJiA.  Pa3HOCTh  MOTEHIMAJIOB
u HanpsokeHue. [loTeHnuManbHas »HEprus 3apsga B JJIEKTPOCTATUYECKOM TIOJIE.
[Torenuuan snexTpocTaTuyeckoro moiis. CBsi3b HANPSKEHHOCTH TMOJS W Pa3HOCTU
MOTCHIIMAJIOB  JUIS  DJIGKTPOCTATHYECKOro  mojis  (Kak  OJHOPOAHOrO,  Tak
1 HEOJTHOPOJIHOTO).

[IpuHIMN Cyneprno3uLnu SIEKTPUIECKUX TTOJIEH.
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ITone Toueunoro 3apsima. Ilone paBHOMepHO 3apspkeHHOU cdepnl. Ilome
PaBHOMEPHO 3apsKEHHOro 1o o00beMy Miapa. Ilose paBHOMEpPHO 3apsyKEHHON
OECKOHEUYHOM  IUIOCKOCTH. KapTuHbl JMHMM  HAOpsOKEHHOCTM — 3TUX  TOJel
Y DKBUIIOTEHLMAJIBHBIX TIOBEPXHOCTEH.

[IpoBOAHUKH B DIEKTPOCTATHYECKOM IOJIE. Y CIIOBHE PABHOBECHS 3apPSII0B.

JIMPNEKTPUKU B DJIEKTPOCTATUYECKOM MoJe. JludnexkTpuyeckas NPOHULIAEMOCTb
BEILIECTBA.

Konpgencarop. DneKTpOEMKOCTh KOHJEHCATOpA. IJIEKTPOEMKOCTh IJIOCKOTO
KOHJIEHCATOpA.

[lapannenbHoe coeanHEHUE KOHIEHcAaTopoB. llocimenoBarenbHOE coequHEHHE
KOHJIEHCATOPOB.

DHeprus 3apsHKEHHOTO KOHJIEHCATOopa.

JIBrKeHME 3apsyKEHHOM YaCTUIBI B OJHOPOIHOM JIEKTPUYECKOM IOJIE.

TexHnueckne YCTPOMCTBA M  TEXHOJOTMYECKUE IPOLIECCHI:  AJIEKTPOCKOI,
ANEKTPOMETP,  DJIEKTPOCTATUYECKas  3alllUTa,  3a3€MJIEHHE  AJIEKTPONpPUOOpPOB,
KOHJIEHCATOpHI, TeHepaTtop Ban ne ['paada.

Jlemoncmpayuu

Y CTpOUCTBO Y MMPUHIUII IEUCTBUS DIEKTPOMETPA.

DIIEKTPUUECKOE T0JIE 3aPSIKEHHBIX IIAPUKOB.

DIJIEKTPUUYECKOE TTOJIE JBYX 3apSKEHHBIX TTACTHUH.

Mogaens snekTpocTaTudeckoro reneparopa (Ban ge I'paada).

[IpOBOJTHUKH B AIIEKTPUYECKOM IIOJIE.

DJIEKTPOCTATHYECKAS 3alUTa.

Y CTpOUCTBO U JIEUCTBUE KOHJECHCATOPA OCTOSIHHOW U IEPEMEHHOM EMKOCTH.

3aBUCUMOCTh 3JIEKTPOEMKOCTH IUIOCKOTO KOHJIEHCATopa OT IUIOMIAAM IJIaCTHH,
pacCTOSIHUSI MEK1Y HUMU U JTUDJICKTPUUYECKON MTPOHUIIAEMOCTH.

DHeprus 3JIEKTPUUECKOro MOJI 3apSKEHHOT0 KOHAEHCATOPa.

3apsaKa 1 pa3psaKa KOHAEHCATOpa Yepe3 pe3ucTop.

Yuenuueckuii osxcnepumenm, rabopamopHule pabomuvl, NPAKMUKYM

OueHka cui B3auMOCICTBUS 3apSyKEHHBIX TEIN.

HaOmonenne mpeBpailieHus HEPruM 3apsHKEHHOTO KOHJEHCATOpa B JHEPTHUIO
U3IIy4YEHHUsI CBETOAUO/IA.

N3yuyeHne npoTekaHusi TOKA B LEMHU, COAEPKAILEH KOHAEHCATOP.

Pacnpenenenve pa3sHOCTH TMOTEHIUAIOB (HAMPSIKEHUS) MPHU TOCIEI0BATEILHOM
COEIMHEHUN KOHJIEHCATOPOB.

HccnenoBanue paspsia KOHAEHCATOPA YE€pPE3 PE3UCTOP.

Tema 2. Ilocmoannwlil 31eKmpuiecKuii mokK

Cuna toka. [TocTosiHHBIN TOK.

VYcnoBust CyliecTBOBaHUSI TMOCTOSHHOTO JJICKTPUYECKOro TOKa. MICTOYHUKHU TOKa.
Hanpsxenne U u DJ1C E.

3akoH OMa 1J1s yyacTKa L.
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DJIEKTPUYECKOE COMPOTUBIICHUE. 3aBUCUMOCTH COINPOTUBICHHUS OJIHOPOIHOIO
IIPOBOJHHKA OT €ro JUIMHBI M IUIOIIAJW IIONEPEYHOr0 CEYCHMS. Y JENbHOE
COIIPOTUBIICHHUE BEIIECTBA.

ITocnenoBarenbHOE, ITapauIeIbHOE, CMELIAHHOE COCAMHEHNE IIPOBOIHUKOB. Pacyer
pa3BETBIICHHBIX 3JieKTpuueckux meneil. [Ipasuna Kupxroda.

Pabota snextpuueckoro Toka. 3akon [[xoymnsa—Jlenua.

MOIHOCT  DJIEKTPUYECKOro  TOKAa. TemioBas  MOLIHOCTb,  BbLIEsEMas
Ha PE3NUCTOPE.

OJIC u BHYTpEHHEE CONPOTHUBJICHHE HCTOYHMKA TOKa. 3akoH Oma s MOJHOMU
(3aMKHYTOM) 3JIEeKTpUUECKOM 11enr. MOIHOCTh UCTOYHUKA TOoKa. KOpoTKoe 3aMbIKaHUE.

Konnencarop B ienu nOCTOSHHOTO TOKA.

TexHn4ecKrne yCTpoicTBa U TEXHOJIOTMYECKHUE MTPOLECCHI: aMIIEPMETP, BOJIBTMETP,
peoCcTaT, CYETUUK DIIEKTPUIECKON IHEPTUH.

Jlemoncmpayuu

N3mepenue cuiibl TOKa U HAIIPSYKEHUS.

HccnenoBanue 3aBUCUMOCTH CHJIBI TOKA OT HAMPSDKEHUS ISl PE3UCTOPA, JIAMITBI
HaKaJIMBaHUS U CBETOAMO/IA.

3aBUCUMOCTbH COITPOTUBJICHUS NWJIMHAPUYECKUX MPOBOJIHUKOB OT JIJIMHBI, TJIOIAIA
MONEPEYHOr0 CEUECHUS U MaTeprara.

UccnenoBanue 3aBUCUMOCTH CHJIBI TOKAa OT CONPOTHUBJICHUS MPU IMOCTOSTHHOM
HaMpsHKEHUH.

IIpsmoe wm3mepenue DJIC. KopoTkoe 3aMblKaHME TajJbBaHUYECKOIO AJIEMEHTa
U OIIEHKAa BHYTPEHHETO COMPOTUBIICHUS.

CriocoObI coemuHeHrst UICTOYHUKOB Toka, JJ[C Garapeii.

HccnenoBanue pa3HOCTH MOTEHIMAIOB MEXY MOTOCAMH HCTOYHHKA TOKA OT CHJIBI
TOKa B IICIH.

Yuenuueckuui axcnepumenm, iabopamopuvie pabomul, NPAKMUKYM

HccnenoBanne CMEIaHHOTO COEIMHEHHSI PE3UCTOPOB.

N3mepenue yaenbHOro COnNpoTUBIIEHUS TPOBOHUKOB.

HccnenoBanne 3aBUCMMOCTH CHIIBI TOKA OT HANIPSDKEHUS J1JIs1 JIaMITbl HaKaJIUBaHUS.

VYBenuueHnue npeesa u3MEpeHus: aMmrnepMeTpa (BoJIbTMETPA).

N3mepenue DJIC u BHYTpEHHETO COMPOTUBIICHUS] UCTOYHUKA TOKA.

UccnenoBanne 3aBucumoctd IJC rallbBaHUYECKOTO 3JIEMEHTA OT BpPEMEHU
MPU KOPOTKOM 3aMbIKAHUH.

Hccnenosanue pa3HOCTH MOTEHIIMATIOB MEXAY MOTOCAMHU UCTOUHHUKA TOKA OT CHJIbI
TOKA B IIEMH.

HccnenoBanue 3aBUCMMOCTH TOJIE3HOM MOIIIHOCTH MCTOYHUKA TOKA OT CHJIBI TOKA.

Tema 3. Toxu 6 pa3nuunsix cpeoax

DneKkTpudecKas MPOBOIUMOCTh Pa3IMYHBIX BEIMIECTB. DJIECKTPOHHAS ITPOBOIMMOCTD
TBEPABIX METALIOB. 3aBHUCHUMOCTH COINPOTHUBICHUS METAIOB OT TEeMIIepaTyphl.
CBepXxnpoBOAUMOCTb.
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DIIEKTPUYECKUN TOK B BakyyMe. CBOICTBA 3JIEKTPOHHBIX MYYKOB.

[TonynpoBoguuku. CoOCTBEHHAs! U MPUMECHAs! TPOBOIUMOCTD MOJIYITPOBOJHUKOB.
CaoiicTBa p—N-nepexoaa. [lonynpoBoIHUKOBBIE TPUOOPBHI.

DJIEKTPUYECKAN TOK B JJIEKTPOIUTAX. JIEKTPOIUTHYECKAS JAUCCOLHAIUA.
Onexktponu3. 3akoHbl Dapajiest A1 SIEKTPOIn3a.

DJIEKTpUYECKUA TOK B razax. CamMOCTOSTENBHBIA U HECAMOCTOATENbHBIA pa3psl.
PaznuyHble TUIIBI CAMOCTOATENBHOTO paspsaa. Momuus. [1nasma.

TexHn4ecKkne ycTpOMCTBA U IPAKTHUYECKOE NTPUMEHEHHUE: Ta30pa3psAHbIE JAMIIbI,
AJIEKTPOHHO-JIyueBass TpyOKa, MOJYNPOBOJHUKOBBIE MTPUOOPHI: TUOJI, TPAH3HUCTOP,
doronuona, cBeTOAMOA, TrajdbBaHUKA, paQUHUpPOBAHHE MENIH, BbIIJIAaBKA AJTIOMHUHUA,
AIEKTPOHHAS MHUKPOCKOMUSI.

Jlemoncmpayuu
3aBUCUMOCTH COITPOTUBJICHUS] METAIIIOB OT TEMIIEPATYPBHI.
[TpoBOIUMOCTE IJIEKTPOJIUTOB.
3akoHbI AsekTpoausa apajes.
HckpoBoil pa3psn 1 MpoBOAMMOCTb BO3AyXa.
CpaBHeHHE MTPOBOJMMOCTH METAJNIOB U MOJIYITPOBOHUKOB.
OaHOCTOPOHHSS MPOBOJIUMOCTD JTUO/IA.

Yyenuueckuii sxcnepumenm, 1abopamopHule pabomul, NPAKMUKYM
Ha6monenue snekTposusa.
N3mepenue 3apsia OMHOBAJIEHTHOTO HOHA.
HccnenoBanue 3aBUCUMOCTH COIIPOTHBIICHUS] TEPMOPE3ZUCTOPA OT TEMIIEPATYPHI.
CHsiTHE BOJTBT-aMIIEPHON XapaKTEPUCTUKHU JUOIA.

Pu3nyecKn NPaKTUKYM

CnocoObl  u3MepeHus (PU3NUECKUX BEIUYHMH C MCIOJIb30BAHUEM aHaJIOTOBBIX
U TUQGPOBBIX M3MEPUTETHHBIX TPHOOPOB W KOMIBIOTEPHBIX JATYUKOBBIX CHCTEM.
AOCOIOTHBIE W OTHOCHUTEIBHBIC MOTPEITHOCTH HW3MEPECHHH (PU3UYECKUX BEIUYUH.
O1ueHKa rpaHul] TOTPENTHOCTEM.

[IpoBeneHre KOCBEHHBIX M3MEPEHUM, MCCICIOBAHUNA 3aBUCUMOCTEH (DHU3HYECKUX
BEJIMYMH, TWPOBEpPKA TMPEIOKEHHBIX THUIOTe3 (BBIOOp U3 paboOT, OMHCAHHBIX
B TEMAaTUYECKHX pazfenax «YUYeHUYECKUH HKCIIEPUMEHT, Ja0opaTopHble padoThI,
MPAKTUKYM)).

MexknpeaMeTHbie CBA3H

N3ydyenue kypca ¢usuku yriayOjgeHHOro ypoBHs B 10 Kiacce OCyHIECTBISIETCS
C YUETOM COZIepKATEIbHBIX MEKITPEIMETHBIX CBA3EH C KypcaMu MaTeMaTUKH, OMOJIOTUH,
XUMHH, reorpaduu U TEXHOJIOTUH.

Mescnpeomemmusie nonamus, ceA3AHHbIE C U3YYEHUEM MEMO0008 HAYYHO20
nO3HaHuA: SBICHUE, HAyYHBIH (DakT, TunoTesa, Gusnueckas BEIMUYMHA, 3aKOH, TEOPHUs,
HAOJI0/ICHNE, OJKCIEPUMEHT, MOJEIUPOBAHUE, MOJENb, H3MEPEHHE, TOrPEUTHOCTH
HU3MEPEHUH, U3MEPUTENbHBIE MPUOOPHI, HUpPOBas TabOpaTOPHsI.

18



denepanbHas padoyas nporpamma | @usmka. 10—11 kinaccer (yriryOJIeHHBIH YPOBCHD)

Mamemamuxka: Pemienue cuctembl ypaBHeHUH. JluHeiliHas ¢yHkuus, mapadona,
runepOoiia, ux rpauky u cBoiicTBa. TpuroHoMerpuueckue PyHKIUU: CHHYC, KOCUHYC,
TAHI'€HC, KOTAHIME€HC, OCHOBHOE TPUTOHOMETPHUYECKOE TOXKIECTBO. BEKTOphl UM HUX
IIPOEKIIMHU Ha OCH KOOPJMHAT, CII0)KEHUE BEKTOPOB.

Buonozusa: mexanmdeckoe ABUKEHUE B KUBOW mpupojae, auddysus, ocmoc,
TEMJI000MEH JKMBBIX OpPraHU3MOB, TEIUIOBOE 3arpsA3HEHHE OKPYXKAIOLIEH Cpelbl,
yTUau3anusi ~ OMOOPraHWYECKOro  TOIUIMBA Ui BBIPAOOTKHM  «TEIJIOBOI»
U DJIEKTPOIHEPI'vH, MOBEPXHOCTHOE HATSDKEHUE U KANWUISIPHBIE SIBJICHUS B MPUPOJE,
AJEKTPUUYECKHE SIBJICHUS B )KMBOU MpPUPO/IE.

Xumusn: TUCKPETHOE CTPOEHUE BELIECTBA, CTPOCHUE ATOMOB M MOJIEKYJ, MOJb
BEIIECTBA, MOJISIpPHAs Macca, MoJy4YeHue HAHOMAaTepUaJoB, TEIIOBbIE CBOMCTBA TBEPABIX
T€J, KUAKOCTEH W Ta30B, JKUJIKWE KPHUCTAJUIbI, 3JIEKTPUYECKUE CBOMCTBA METAJIOB,
ANEKTPOIUTHYECKAS JUCCOLUALINS, FalbBaHUKA, SJIEKTPOHHAS MUKPOCKOIUSI.

T'eozpaghus: BnaxxHOCTb BO3AyXa, BETPbI, 0APOMETP, TEPMOMETD.

Texnonozua: npeodbpa3oBaHUe TBUKEHUN C MCIOJIb30BAHUEM MEXaHU3MOB, y4eT
CyXOr0 M JKHJIKOTO TPEHUS B TEXHUKE, CTaTUYECKHE KOHCTPYKLUMH (KPOHIITEHH,
pelnieTyaTbie KOHCTPYKIIUH ), UCIIOJIb30BAaHUE 3aKOHOB COXPAHEHUSI MEXaHUKHU B TEXHUKE
(rupockorn, BOAOMET U ApPYyrue), IBUraTesb BHYTPEHHETO CrOpaHusl, apoBasi TypOuHa,
OBITOBOM  XOJIOJWJIbHUK, KOHJIWLUOHEP, TEXHOJOTUU TIOJYyYEHUS COBPEMEHHBIX
MaTepHaJIOB, B TOM YHCJIE HAHOMAaTEPHUAJIOB, U HAHOTEXHOJIOTUH, AJIEKTPOCTaTHYECKas
3alUTa, 3a3€MJIEHUE 3JIEKTPONprUOOpPOB, Ta30pa3psiiHbIE JIaMIIbl, TOIYIPOBOJIHUKOBBIE
npuOOpkI, rajJbBaHUKA.

11 KJIACC

Paznen 4. diaekTpoauHaMuKa
Tema 4. Maznummnoe none

B3anmopenicTBue NMOCTOSHHBIX MAarHUTOB M IMPOBOJHUKOB C TOKOM. MarHurtHoe
nosie. BexkTop MarHuTHOM MHAYKUUMW. [IprHOIMD cynepno3unvu MarHUTHBIX IIOJIEH.
JInHMM MarHUTHOM MHAYKIHH.

MaruutHoe T10Ji€ NPOBOAHUKA C TOKOM (TIPSAMOro MPOBOJAHUKA, KATYIIKU
Y KpyroBoro BuTka). OneIT Jpcrena.

Cuna AMnepa, ee HapaBJICHUE U MOJYJIb.

Cuna JlopeHua, ee HampaBJ€HHE M MOXYJb. J[BH)KEHHE 3apsKEHHOM YacTHULBI
B OJJHOPOJHOM MarHuTHOM mose. Pabora cuibl JIopenna.

MarunutHoe noJie B BemectBe. DeppoMarHeTuku, mapa- U JuaMarHeTUKH.

TexHuyeckne yCTpOMCTBA M TEXHOJOTMYECKHE TMPOLIECCHL: NPUMEHEHHUE
MMOCTOSIHHBIX MAarHUTOB, 3JICKTPOMArHUTOB, TECTEP-MYJIbTUMETP, JJIEKTPOIABUIATEID
SAxo0u, yCKOpUTEH 3JIEMEHTapHBIX YaCTHII.

Jlemoncmpayuu
Kaptuna nuHMI MHAYKIIMM MarHUTHOTO TOJISl MOJIOCOBOT'O U IMOJKOBOOOPa3HOIO
MOCTOSTHHBIX MarHUTOB.
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KaprnHa nuHWII MAarHUTHOM WHAYKUUHA TOJIS JJIMHHOTO MPSMOrO IPOBOJHUKA
Y 3AMKHYTOT'O KOJIBLIEBOTO ITPOBOIHUKA, KATYIIKU C TOKOM.

B3anmonenicTBue AByX NPOBOJHUKOB C TOKOM.

Cuna Amnepa.

JleiicTBue cuibl JIopeHila Ha MOHBI AJIEKTPOJIATA.

HabGnronenue nBr>KeHHs My4yKa 3J€KTPOHOB B MArHUTHOM I1OJIE.

[TpuHIIUTT AEUCTBUS SIEKTPOUIMEPUTEITHLHOTO TPUOOpa MArHUTOIIEKTPUUECKOM
CUCTEMBI.

Yuenuueckuii oaxcnepumenm, rabopamopHule pabomul, NPAKMUKYM
HccnenoBanne MarHUTHOTO ITOJISI HOCTOSTHHBIX MarHUTOB.
HccnenoBanue cBONCTB (peppOMArHETHKOB.
HccnenoBanue neicTBUs MOCTOSHHOTO MarHWTa Ha paMKy C TOKOM.
N3mepenue cunpl Amrepa.
N3ydyeHue 3aBUCUMOCTU CUJIbI AMIIEpa OT CHJIbI TOKA.
Ornpenenenne MarHMTHOM MHAYKIIMM HA OCHOBE U3MEPEHUS CUJIbI AMIIepa.

Tema 5. Dnexmpomaznumnan uHOYKyuUA

SBneHue >NEeKTPOMArHUTHOW MHAYKIUU. [IOTOK BEKTOpa MarHUTHON WHIYKIHH.
OJAC wuHAyKIMU. 3aKOH OJJIEKTpOMAarHUTHOW wHAyKuuu @Dapanes. Buxpepoe
anekTpudeckoe noiie. Toku Pyko.

OJ1C nHayKUMK B TPOBOJHUKE, ABUKYIIEMCS B OJJHOPOJTHOM MarHUTHOM TIOJIE.

[TpaBuno Jlenua.

NunyktuBHOCTH. Karyiika MHAYKTUBHOCTH B LIENU IOCTOSHHOIO TOKa. fIBieHue
camouHAyKIuu. IJIC caMOMHIyKIIU Y.

DHEprusi MAarHUTHOT'O TOJISI KATYIIKUA C TOKOM.

DJIEKTPOMArHUTHOE TOJIE.

TexHnueckrue yCTpOWCTBA M TEXHOJOTMYECKHUE MPOLIECChl: MHAYKIIMOHHAS TEYb,
COJIEHOU/I, 3AIINUTA OT AJEKTPU3ALMU TEN NPU IBUKEHUNA B MArHUTHOM T10JIE 3€MJIH.

Llemoncmpayuu

HabGnronenue siBieHMS 2JIEKTPOMAarHUTHON WHTYKITUH.

Uccnenosanue 3aBucumoct 3J{C MHAYKIMH OT CKOPOCTH U3MEHEHUS MATHUTHOT O
IIOTOKA.

IIpaBuiio Jlenna.

[Tanenue maruuTa B altOMUHUEBON (MeIHOM) TpyOe.

SIBneHre caMOMHYKIUN.

Nccnenosanne 3asucumoctu DJIC caMOMHIAYKIMHA OT CKOPOCTH M3MEHEHHS CHIIbI
TOKa B LEIH.

Vuenuuecxuii sxcnepumenm, rabopamopHvle pabomol, NPaAKMUKyM
HccnenoBanue siBICHUS 3JIEKTPOMArHUTHOW UHTYKIIAH.
OnpeneneHne MHAYKIAA BUXPEBOTO MArHUTHOTO TOJIS.
HccnenoBanue siBIIEHUS CAMOUHIYKIIUH.

CoOopka MOJIe I AJIEKTPOMarHiTHOT'O TeHepaTopa.
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Pa3nea 5. Koiedanus  BOJTHBI
Tema 1. Mexanuueckue Konebanus

KonebarenpHas cuctema. CBOOOIHBIC KOeOaHMs.

I'apmonundeckue koneOanusa. KunHeMarwdeckoe W JUHAMHYECKOE OIHCAHHE.
DHEpPreTUueckoe ONucaHue (3aKOH COXPAHEHHs MEXaHU4ecKOM »sHepruu). BeiBon
JTUHAMUYECKOTO0 OINUCAHMUS TapMOHUYECKUX KoJIeOaHUM M3 HX HHEPreTHUYECKOro
1 KMHEMATUYECKOIr0 OIMCAaHUS.

Avmumutyna u  (daza koneOanHuil. CBsI3b aMIUIMTYIbl KOJEOAHUW MCXOTHOMN
BEJIMYMHBI C aMIUTUTYIaMU KOJIcOaHUM €€ CKOPOCTU U YCKOPEHHS.

Ilepnonq wm yacrora kosebanuii. Ilepuox wanmbiX CBOOOMHBIX KOJeOaHMIA
MaTeMaTH4ecKoro MasiTHUKA. [leprosr cBOOOAHBIX KOJIeOaHUM MPYKUHHOT'O MasiTHUKA.

[Tonarue o 3aryxawmux KojeOaHusX. BeiHyxIeHHbIE KojeOaHus. Pe3oHanc.
Pesonancnas kpuBas. BrausHue 3aryxaHus Ha BHJ PE30HAHCHOW KPHWBOM.
ABTOKOICOaHUS.

TexHu4ecKkue yCTpPOMCTBA M TEXHOJIOTMYECKHUE IIPOIIECChl: METPOHOM, 4Yachl,
Ka4deJu, My3bIKaJIbHbIE MHCTPYMEHTHI, celicMorpad.

Jlemoncmpayuu

3anuchk Koae0aTeIbHOrO IBUKEHUSI.

HaOmronenne HeE3aBUCMMOCTH IE€pUOJa MalbIX KojieOaHWN Trpy3a Ha HUTH
OT aMILTUTY/IbI.

HccnenoBanue 3aryxaroolux KojeOaHMNH W 3aBUCUMOCTH NEpHOAa CBOOOIHBIX
KoJie0aHUil OT COMTPOTHUBIICHHUS.

Hccnenosanue kosiebaHuil Tpy3a Ha MAaCCUBHOM NPYKUHE C 1IEJIbI0 (POPMUPOBAHUS
IpeaCcTaBIeHUN 00 UAeaTbHOW MOETH MPY>KUHHOTO MAasATHHKA.

3aKOH COXpaHEHHUs SHEPTUU NpU KOoJIeOaHUIX Ipy3a Ha MPYKUHE.

HccnenoBanue BbIHYKIEHHBIX KOJICOaHUH.

HabGnronenue pesonanca.

Yyenuueckuii sxcnepumenm, 1abopamopHule pabomol, NPAKMUKYM
N3mepenue neproia CBOOOTHBIX KOJICOAHUI HUTSHOTO U MIPY>KUHHOT'O MAasSTHHKOB.
N3ydyeHne 3aKOHOB IBUKEHHUS Tella B X07¢ KoJieOaHU Ha YIIPYroM ToJIBEcCe.
N3yuyenne nBuAKEHUSI HUTSHOTO MasiTHUKA.
[IpeoOpazoBaHue SHEPTUU B MPY>KUHHOM MasiTHUKE.
HccnenoBanue yObIBaHHUS aMILIUTY/IBI 3aTYXaIOIINX KOJICOaHMIA.
UccnenoBanue BIHYKEHHBIX KOJICOAHUH.

Tema 2. Inexmpomaznumnuole Koebanus

KonebarenbHblit KOHTYp. CBOOOIHBIC DJIEKTPOMArHUTHBIC KOJIE€OaHUs B U/I€aTbHOM
KojebaTeapHOM KoHType. @opmyna ToMcona. CBs3b aMILTUTY/IBI 3apsiia KOHIEHCaTopa
C aMIUTATYION CHJIBI TOKA B KOJI€OATETLHOM KOHTYpE.

3aK0H COXpaHCHHSI SHEPTUH B UACATHLHOM KOJIeOaTeTbHOM KOHTYpE.

3aryxaroniye JIeKTPOMarHiuTHbIC KoneOanus. BeIHyK/IeHHBIC JIeKTPOMarHUTHBIC
KoJIeOaHus.
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IlepemeHnHBIN TOK. MOIIHOCTh IEPEMEHHOT0 TOKA. AMIUINTYAHOE U ACUCTBYIOIIEE
3HAYEHHUE CUJIbl TOKA U HAIPSLKEHMS TIPU Pa3InYHON (popMe 3aBUCUMOCTH MIEPEMEHHOTO
TOKa OT BPEMEHH.

CHuHycOMIANBHBI NEpEMEHHBIM TOK. Pe3ucrop, KOHAEHCATOp W  KaTyllKa
WHJIYKTUBHOCTH B IENW CHHYCOWJAIBHOIO NEPEMEHHOIO TOKAa. Pe30HaHC TOKOB.
Pe3onaHc HanpsyKeHUI.

Uneanbupiii  Tpanchopmatop. [IpousBoacTBo, mepenada U MOTpeOsIeHHE
DIIEKTPUYECKOU DHEPTUH.

OKOJIOTUYECKHE PUCKH IPU  MPOU3BOJACTBE  JJEKTpodHepruu. Kymprypa
WCIIOJIb30BAHUSA JIEKTPOIHEPT MU B IIOBCEIHEBHON KU3HU.

TexHuyeckrue yCTpomCcTBa U TEXHOJIOTUYECKUE ITPOLECCHI: IIEKTPUYECKUN 3BOHOK,
IEeHEPATOp IIEPEMEHHOI0 TOKA, JIMHUU JJIEKTPOIIepeaay.

Llemoncmpayuu

CB0OOAHBIE 2JIEKTPOMATHUTHBIE KOJICOAHMS.

3aBUCUMOCTh YacCTOThl CBOOOAHBIX KOJICOAHUH OT MHAYKTUBHOCTH U €MKOCTH
KOHTYpa.

OcuumiorpaMMbl AIEKTPOMAarHUTHBIX KOJIEOAHHIA.

['eneparop He3aTyxaroumx IEKTPOMArHUTHBIX KOJIEOAHUH.

Mogenb 31eKTpOMarHuTHOTO TeHEpaTopa.

BriHyXeHHBIE CHHYCOUAAIbHBIE KOJICOAHMUSI.

Pe3ucrop, kaTyilka MHIYKTUBHOCTH U KOHJIEHCATOP B LIEMU MEPEMEHHOTO TOKA.

Pezonanc mnpu  mociaegoBaTEIbHOM — COEAMHEHHHM  PE3UCTOpa,  KaTYIIKH
WHJIYKTUBHOCTH M KOHJIEHCATOPA.

YcTpoicTBO M IPUHITUT ACUCTBUS TpaHchopmaTopa.

Mogenb JIMHUY 3IEKTPOIepeIayuu.

Yuenuueckuii oaxcnepumenm, rabopamophule pabomvl, NPaAKMUKYM

N3ydenue tpanchopmaropa.

HccnenoBaHnne NEPEMEHHOrO TOKA 4YEPe3 IOCIEA0BATEIBHO COEIUHEHHBIE
KOHJIEHCATOP, KaTYIIKY U PE3UCTOP.

Habmroaenue 351eKTpOMarHuTHOrO pe30HaHCa.

HccnenoBanne paboThl HCTOYHUKOB CBETA B LIETIH IEPEMEHHOTO TOKA.

Tema 3. Mexanuueckue u 31eKmpoOMaZHUMHbBLE 60JIHbL

MexaHn4ecKue BOIHbI, YCIOBHS UX pacrpocTpaHeHus. [lonepednsie 1 mpooibHbIE
BOJIHBL. [lepros, CKOpOCTh pacpoCTpaHeHUs U JJIMHA BOJIHBI. CBOKMCTBA MEXaHUYECKHUX
BOJIH: OTPaKEHUE, MpeSIoMIIeHNEe, UHTep(EepeHITUs U TUPPAKIIUSL.

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

[IIymoBO€ 3arpsi3HEHUE OKPYKAIOLIEN CPEbI.

DNEeKTPOMAarHUTHHIE BOJIHBL. Y CJIOBHSl HW3JIYYEHHS] AJIEKTPOMATHUTHBIX BOJIH.

—

B3aumHas opueHTanus BEKTOpPOB E, B, ¥ B 3JIEKTPOMarHUTHON BOJIHE.
CBolicTBa 3JIEKTPOMAarHUTHBIX BOJIH: OTPaK€HUE, NPEIOMIICHHUE, MOJISpU3ALINS,

uHTEpPEepeHns U TUPPaKIIUS.
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[IIkaya >eKTpOMarHuTHBIX BOJIH. [[puMeHeHNEe 311EKTPOMArHUTHBIX BOJIH B TEXHUKE
U OBITY.

[TpuHIMIIBI paIUOCBA3U U TeNEeBUAECHUS. Pagnonokanus.

DJIEKTPOMArHUTHOE 3arpsI3HEHUE OKPYKAIOLIEH CPEbI.

TexHuueckne yCTpOHMCTBA M MPAKTUUECKOEC NPUMEHEHUE: MY3bIKAJIbHBIE
WHCTPYMEHTHI, pajiap, paJuoONpPUEMHUK, TEJIEeBU30p, aHTeHHa, TenedoH, CBY-neus,
YJIBTPa3BYKOBasl TMAarHOCTUKA B TEXHUKE U MEIULIUHE.

Jlemoncmpayuu

OObpazoBaHue 1 pacpoCTpaHEHHUE MONEPEYHBIX M MPOI0JIbHBIX BOJH.

Kone6mromeecst Teno Kak HCTOYHUK 3BYKA.

3aBUCUMOCTb JJTMHBI BOJHBI OT YaCTOThI KOJIEOaHU .

HaOmronenue otpaxeHus ¥ MPeoMICHNS MEXaHUYECKUX BOJIH.

HaGmonenue nareppepeHunu u AUPpakiinid MEXaHUYECKUX BOJH.

AKyCTUYECKHAN PE30HAHC.

CBoiicTBa yibTpa3ByKa U €ro MPUMEHEHUE.

HabGmronenue cBsi3u TPOMKOCTH 3BYKa M BBICOTHI TOHA C aMIUIMTYJIOM W 4acTOTOM
KOJIeOaHUH.

HccrnenoBanue CBOWCTB 3JEKTPOMAarHUTHBIX BOJH: OTpakK€HUE, IPEIOMIICHUE,
noJsipuzanus, Tuppaxus, MHTepPepeHIus.

OGHapyxeHune nHPpaKpacHOTO U yJIbTPapHrOJIETOBOIO U3ITYUEHHUH.

Yuenuueckuii osxcnepumenm, rabopamophule padomul, RPAKMUKYM
N3yuenne napameTpoB 3ByKOBOW BOJIHBI.
N3ydenune pacipocTpaHeHUs 3ByKOBBIX BOJIH B 3aMKHYTOM IPOCTPAHCTBE.

Tema 4. Onmuka

[IpsamonuHeriHOE pacnpocTpaHEHUE CBeTa B OAHOPOIHOW cpexe. Jlyd cBera.
To4deuHbIN UCTOYHHK CBETA.

Otpaxenne cBeTa. 3aKOHbI OTpaxeHHs cBera. [locTpoeHne u300paKeHHI
B TuIocKoM 3epkaiie. Cepuueckue 3epkana.

[Ipenomnenue cBera. 3aKOHBI TMPEIOMJICHHS CBeTa. AOCOJIOTHBIM TMOKa3aTeNb
npesnioMiieHus. OTHOCHUTEIIbHBIN NTOKa3aTeNb pesioMmieHus. [I0CTOSHCTBO YaCTOThI CBETA
Y COOTHOIIEHUE JIJIMH BOJH MPHU MEPEXOJIE MOHOXPOMATUYECKOTO CBETA YEpE3 FPaHULLY
paszela IByX ONTUYECKUX CPE.

Xon myueit B npusme. [ucnepcus cBeta. CioxHBbIN cocTaB 6enoro ceeta. Lger.

[TonHoe BHyTpeHHee oTpaxkeHue. IlpenenbHbI yroia MOTHOrO BHYTPEHHETO
OTpaKEHU.

Cobuparomiie U paccenBarouiue JMH3bl. ToHKass JmH3a. DOKYCHOE pacCcTOSHHE
W ONTUYECKas CWjia TOHKOW JIMH3bl. 3aBUCUMOCTh (DOKYCHOI'O PpacCTOSHUS
TOHKOW C(Qepudyeckoil JHMH3bI OT €€ TIEeOMETPHUM W OTHOCUTEIBHOI'O IOKa3aTels
IIPEJIOMIICHHS.

dopMysna TOHKOU JIMH3BL. Y BEIMYEHHUE, JaBAEMOE JIUH30M.
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Xon Jyda, OPOWEIUIETO JHWH3Y MOJ NPOWU3BOJIBHBIM YIJIOM K €€ TJIaBHOU
orntuyeckor ocu. [locTpoeHne n300pakeHUit TOUKK U OTpe3Ka MPSMON B COOMPAOIINX
Y PaCCEMBAOIINX JINH3aX U UX CUCTEMAX.

OnTtuueckue mnpubopsl. Paspemaromas crnocoOHOCTh. ['7a3 kak onTuyeckas
CUCTEMA.

[Ipenenbr MPUMEHUMOCTH TEOMETPUUECKON ONTUKH.

BonnoBas ontuka. Untepdepennns cBeta. KorepeHTHbIE MCTOYHUKH. Y CIOBUS
HAOJIFOICHUST MAaKCUMYMOB MU MHHHUMYMOB B WHTEP(EPEHIIMOHHON KapTHHE OT JBYX
KOT€PEHTHBIX UCTOYHUKOB. [IprMephI Kiaccuueckux HHTEPPEPEHITMOHHBIX CXEM.

Hudpaknus cera. JudpakuronHas perietka. YcioBue HaOMIOICHUS TIaBHBIX
MaKCUMYMOB MIpH MaJICHUH MOHOXPOMAaTHYECKOTO CBETa Ha TU(PPAKIIMOHHYIO PEIIETKY.

[Tonsipu3zanms ceera.

TexHn4ecKkne yCTpOMCTBA U TEXHOJOTHMYECKUE MPOLECCHI: OUKH, JYIa, IEPUCKOI,
dboroanmnapar, MHUKPOCKON, MPOCKIMOHHBIA amnmapar, TMPOCBETICHUE OINTHKH,
BOJIOKOHHAS ONTHKA, TU(PPaKIIMOHHAS pEIIeTKa.

Jlemoncmpayuu

3aKOHBI OTpaXKEHHUS CBETA.

HccnenoBanue nmpenomMieHUs CBETa.

Habmroienre noHoro BHyTpEHHETO OTpakeHuss. Mojienbk CBETOBO/IA.

HccnenoBanne xoma CBETOBBIX ITYYKOB 4epe3 IJIOCKOMAPAUICIBHYIO TLIACTHHY
U TIPU3MY.

HccnenoBanue cBOMCTB M300paXKEHUM B JIMH3AX.

Mopenu MUKpPOCKOIIa, TEJIECKONa.

Hab6monenne natepdepeHIIng CBETA.

HabmroieHre 11BeToB TOHKUX IUICHOK.

Hab6monenune nudpakium creta.

N3yuenve AuppakiiMOHHON PEIIETKH.

Hab6monenne nudpakiimiOHHOTO CIIEKTPA.

Hab6mronenune nucnepcuu ceera.

Hab6mroienue nossipusaiuu cBera.

[TpumeneHre moIIPOUIOB TSl H3YUYCHUSI MEXaHUUECKUX HaIPSHKCHUH.

Yuenuueckuui axcnepumenm, iabopamopuvie pabomuol, NPAKMUKYM

N3mepenue mokasarens MpeaoMIIeHUs CTEKJIA.

HccnenoBanue 3aBUCMMOCTH (DOKYCHOTO PacCTOSHUSL OT BEIIeCTBa (HA MpuUMeEpe
KUJKUX JIUH3).

N3mepenue pokycHOTO pacCTOSHHS pacCerBAIOIINX JIMH3.

[Tomyuenue n300paskeHnsl B CUCTEME U3 IIOCKOTO 3epKajia M JINH3bI.

[Tomyuenue n300pakeHUsI B CUCTEME U3 JIBYX JIMH3.

KoHcTpynpoBaHue TEIECKOMUYECKUX CHCTEM.

Hab6monenne nudpakiuu, nHTEpdEpeHIINN 1 TOISIPU3AIIUN CBETA.
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N3ydenue nonsipu3aluu CBeTa, OTPAXKEHHOT'O OT MOBEPXHOCTU TUAJIEKTPHUKA.

N3yuenue unTepdepeHINH Ja3epHOro U3Iy4eHHUs Ha JIByX IIETAX.

Hab6monenune aucnepcum.

Hab6mronenue u uccienoBanue qupakiimoOHHOTO CIEKTpa.

N3mepenune qimHbl CBETOBOM BOJIHBL.

[lonydyenure cnekTpa HW3JIy4€HHUS CBETOAMOJA MpPU MOMOIIM JU(PAKIHOHHOM
PELLIETKH.

Pa3znesn 6. OcHOBBI crienMAIBLHOI TEOPUM OTHOCUTEIBHOCTH

I'panuupl IPpUMEHUMOCTH KJIacCUYeCKOM MexaHuku. l[locrymarsl crienuanbHOU
TEOPUHU OTHOCUTEIIBHOCTH.

[IpoctpancTBeHHO-BpeMeHHON uHTepBasl. [IpeoOpa3zoBanus JlopeHia. VYcioBue
OpUYUHHOCTH.  OTHOCHUTEIBHOCTh  OJHOBPEMEHHOCTH.  3aMEIJIEHHUE  BpPEMEHHU
Y COKpAIICHUE JUIUHBI.

DHeprus ¥ UMIYJIbC PEIATUBUCTCKON YaCTULIBI.

CBs13b Macchl ¢ 3HEPrUed U UMITYJIbCOM PEISTUBUCTCKON YaCTHUIIbI. DHEPIHsI TOKOSI.

TexHuueckue yYCTPOWCTBA U TEXHOJOTMYECKHE MPOLIECCHI:  CIYTHHUKOBBIC
IIPUEMHUKHU, YCKOPUTEIH 3aPSIKEHHBIX YaCTHII.

Yuenuueckuu sxcnepumenm, rabopamopmvie pabomuvl, NPAKMUKYM
OnpeneneHue MMITyJIbCa M SHEPIrUU PEIATUBUCTCKUX 4acTul (o ¢ororpadusim
TPEKOB 3aPSKEHHBIX YaCTHUI] B MATHUTHOM I10JI€).

Paznen 7. KBanTtoBasi pusuka
Tema 1. Kopnyckynapno-60iaHo60it Oyanusm

PaBHOBecHOe TeroBoe U3IydyeHUe (M3TydeHre adCOMIOTHO YE€PHOTO Teja). 3aKoH
cMmenienus Buna. I'unoresa Inanka o kBaHTax.

®OTOHBI. DHEPTUsl U UMITYJIbC (POTOHA.

doroaddexr. Ombiter A.I'. CroneroBa. 3akonbl ¢dotodddekra. VYpaBHEeHUE
Ounmreiina g pororpdekra. «Kpacnas rpanuna» pororddekTa.

JlaBnenune cBeta (B 4aCTHOCTH, JABJICHHE CBETa Ha a0COJIOTHO IMOTJIONIAFOIIYIO
1 a0COJTIOTHO OTpaXkaroIIyto moBepxHocTh). OnbiThl [1.H. Jlebenera.

BonnoBeie cBoucTBa wactuu. Bomubl ae bpows. JlnuHa BosHbl g€ bpois
U pa3Mepbl 00JIaCTH JIOKAJIM3AlMK JBHXKYIIEcs: yacTuibl. KopnyckynsipHO-BOJIHOBOM
nyanusMm. Judpakius 31eKTpoHOB Ha KpUCTalIax.

Cneunduka wuzmepeHuit B Mukpomupe. COOTHOIIECHUS HEONpPeaeIeHHOCTEN
['eitzenOepra.

TexHuueckne yCTpOMCTBA W TEXHOJOTMYECKUE IIPOLECCHI:  CIEKTPOMETP,
dboTod71eMEHT, POTOIaTUMK, TYHHEJIbHBIM MUKPOCKOII, COJIHEUHAs1 OaTapesi, CBETOANO/I.

Jlemoncmpayuu
®oto3dh(dHeKT Ha YCTAaHOBKE C IMHKOBOM TJIACTUHOM.
Hccnenosanue 3axkoHOB BHENIHETo (hoTodddekra.
HccnenoBanue 3aBUCHMOCTH COTIPOTHBIICHHUS TIOYITPOBOIHUKOB OT OCBEIIEHHOCTH.
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Cseronuo.
Conneunas Oarapes.

Yuenuueckuii sxcnepumenm, 1abopamopHule pabomol, NPAKMUKYM
Uccnenosanue poropesucropa.
Nsmepenue nocrosinaoi [Inanka Ha ocHOBe nccaenoBanus Gororddekra.
HccnenoBanue 3aBUCMMOCTH CHJIBI TOKA Y€pe3 CBETOAMO/ OT HAIPSIKCHHMS.

Tema 2. Qu3zuka amoma

OneIThl 1O MCCIEAOBAHUIO CTpOoeHUs aroma. IlmanerapHas Mojaens aroma
Pesepdopna.

[Toctynatet bopa. M3nydenume u moriomieHne (OTOHOB MPH TEPEXO0]e aToMa
C OJTHOT'O YPOBHS SHEPIMU HA APYrOM.

Bunsl cnexktpoB. CekTp ypoBHEN SHEPrUU aToMa BOJOPOAA.

CnoHTaHHOE M BBIHYXJECHHOE U3NydeHue cBera. Jlazep.

TexHuyeckrne yCTpOMCTBAa U TEXHOJOTHMYECKUE MPOLIECCHI: CIEKTPAIbHbIA aHAIN3
(CIeKTpOCKOIT), Ja3ep, KBAHTOBBIM KOMITBIOTED.

Jlemoncmpayuu
Mopens onbita Pezepdopna.
Habnronenue mmHelyaThIX CIIEKTPOB.
VY CTpoiCTBO U AEHCTBHE CUETYMKA HOHU3UPYIOIINX YaCTHII.
Ornpenenenue AJIUHBI BOJHBI JIA3€PHOT0 U3ITYYEHUS.

Vuenuuecxuii sxcnepumenm, rabopamopHwvle pabomol, NPaAKMUKyM

Hab6mroienue nuHevyaToro cnekTpa.

UccnenoBanue crekTpa pa3peKEHHOTO aTOMapHOro BOAOpPOJiIa U HM3MEpPEHUE
noctosiHHoN PunGepra.

Tema 3. Du3zuka amomHo20 A0pa u INEMEHMAPHHIX YACMUY,

Hyxnonnas monens siapa I'eiizenOepra—Banenko. 3apsa sapa. MaccoBoe 4HCIIO
aapa. 3oTonsl.

PanuoaktuBHOCTh. Anb(da-pacnajz. DIEKTPOHHBIA M MO3UTPOHHBIA OeTa-pacmal.
["'amMmma-uznyuyenue.

3aKoH paJiMOaKTUBHOIrO pacmnaja. PanuoakTuBHbIE N30TONBI B npupoe. CBoiicTBa
MOHU3UPYIOWIETO M3JIy4eHUsl. BriusHuE paguoaKTUBHOCTHM Ha JKHUBBIE OPraHU3MBI.
EctectBeHHbIi QoH n3nydenus. Jlozumerpusi.

DHeprus CBs3U HYKJIOHOB B sifipe. SAaepubie cuiibl. JledekT maccer siapa.

SAnepubie peaknuu. Jenenue u cuHte3 sigep. Anepunie peaktopbl. [IpoOremsr
YIIPABJISIEMOIO0 TEPMOSIJIEPHOIO CUHTE3a. DKOJOTMYECKHE aCHEKThl Pa3BUTHUA SIACPHOU
DHEPIreTUKMU.

MeTonbl perucTpaliyu U UCCIEIOBAHUS SJIEMEHTAPHBIX YACTHIL.

OyHIaMEHTaJIbHbIE  B3aUMOAECWUCTBUS.  bapvOHBI, ME30HBI W  JICOTOHBL.
[IpencraBnenue o CtanaaptHoit Mojenu. KBapk-riatooHHas MOAENb aJpOHOB.
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®uznka 3a npenenamu CrangapTHoi Mozenu. TeMHas MaTepus U TEMHAsI SJHEPTUs.

EnuncTBO pu3nueckoi KapTUHBI MUPA.

TexHu4eckne yCTPOWCTBA M TEXHOJOTMYECKHE ITPOLIECCHI: JIO3MMETpP, Kamepa
BunbcoHa, siiepHbIi peakTop, TEPMOSJIEPHBIN peakTop, aroMHas OomOa, MarHUTHO-
pe30HaHCHasi ToMOorpadusi.

Yuenuueckuu sxcnepumenm, rabopamopnvie pabomuol, NPAKMUKYM
HccnenoBanue TpekoB YacTHIL (110 TOTOBBIM oTorpadusim).
HccnenoBanue painoakTUBHOTO (pOHA C UCTIONB30BAHUEM JJO3UMETPA.
N3ydenue nornomieHus: 6eTa-4acTull aTlOMUHUEM.

Pa3zges 8. DiieMeHTBI ACTPOHOMUM U ACTPOPU3UKH

Ortanbl pa3BUTHS acTpoHOMUU. lIpUKnamHOE M MHPOBO33PEHUECKOE 3HAUYECHUE
acTpoHOMUH. [[pPMEHNMOCTh 3aKOHOB (DM3HUKH I OOBSICHEHUS TTPUPOIBI KOCMUYECKUX
O0OBEKTOB.

Metoapl acCTPOHOMHUYECKUX Uccleq0BaHU. COBpEMEHHBIE ONTUYECKHUE TEIECKOIIBI,
pPaIMOTENECKOIBI, BHEaTMOC(hEpHast aCTPOHOMUS.

Bun 3Be3nnoro Heba. Co3Be3nusi, sipKue 3B€3/1bl, IUTAHETHI, UX BUJANMOE JIBUKEHUE.

Conneunas cucrema.

Connue. ConmneyHas akTUBHOCTb. Mcrounnk sHeprum CosHIa u 3BE31.

3Be3/bl, UX OCHOBHBIE XApPAKTEPUCTUKH. J(MarpamMma «CHEKTPaJIbHBIM KJIacc —
CBETUMOCTb». 3B€3[bl TJIABHOM IOCJIEIOBATEIbHOCTH. 3aBUCHUMOCTh «Macca —
CBETUMOCTB)» ISl 3B€3J] TJIABHOM IOCIEA0BATEILHOCTA. BHYTpEHHEE CTpOEHUE 3BE3I.
CoBpeMeHHbIE MPEJICTABICHUS O MTPOUCXOXKIAECHNUU U 3BoIroLMK COJIHIIA U 3B€3/. JTallbl
JKU3HHU 3BE3/I.

Mueunsiii [TyTe — Hamia ['anaktuka. [lonoxxenue u npuxenne ConHua B ['anakTuke.
Tunsl ranakTuk. PagroranakTuku 1 KBa3zapsl. UepHBIE ABIPHI B sIApax raIAKTHK.

Bcenennas. Pacmmpenne Bceenennoit. 3akon Xa06ia. Pasberanue rajgakTHK.
Teopus bosbioro B3peiBa. PenmkToBOE M3ITy4yeHUE.

MacmtabHas ctpykTypa BeenenHoil. MeraranakTuka.

Hepemennpie mpo0iaeMbl aCTPOHOMUM.

Vuenuvueckue nabnooenus
HaGmroneruss 3Be3gHoro HeOa HEBOOPY)KEHHBIM TJIa30M C HCIIOJIb30BAHHEM
KOMITBIOTEPHBIX TPUIOKEHUNU JUIsl ONMpPENCTCHUs TOJOKEHUSI HEOECHBIX OOBEKTOB
Ha KOHKPETHYIO J1aTy: OCHOBHBIC c03Be3us1 CEeBEpHOTO MOYIIApHsl M SIPKUE 3BE3THI.
Hab6mronenus B Teneckorn JIyHbI, IaHeT, TYMAHHOCTEH M 3BE3JIHBIX CKOTLJICHUM.

Pu3nyecKnid NPaKTUKYM

CnocoOsl  u3MepeHus: (PU3NUECKUX BEIUYMH C MCIOJIb30BAHUEM aHAJIOTOBBIX
U 1U(POBBIX H3MEPUTEIBHBIX MPUOOPOB U KOMIBIOTEPHBIX JAaTYMKOBBIX CHCTEM.
AOCOIOTHBIE W OTHOCHUTENBHBIC MOTPEUTHOCTH HW3MEPEHHN (PU3NYECKUX BEIUYUH.
OueHka rpaHull MOrpeIHOCTEN.

[IpoBeneHre KOCBEHHBIX M3MEPEHUM, UCCIEIOBAaHUM 3aBUCUMOCTEH (PU3HMUYECKUX
BEJIMYMH, TIPOBEPKA TMPEIJIOKEHHBIX THUIMOTe3 (BBIOOp U3 PadOT, OMHMCAHHBIX
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B TEMaTHUYECKHX pa3lienax «YUEHUYECKH SKCIEpUMEHT, J1abopaTOpHbIE pPalOOTHl,
MPAKTUKYM).

00001 aroee NnoBTOpeHUE

O0o001meHne M cucreMaTH3alusl COAEp)KaHUs pas3ienoB Kypca «MexaHuKay,
«MonekynsipHass (QU3MKa U TEPMOAUMHAMHKAY», «IDIeKTpoAuHaMHKay, «Konebanus
U BOJIHBD», «OCHOBBI CHIELUATIbHON TEOPHUH OTHOCUTEIbHOCTHY, «KBaHTOBas (husukay,
«DJIeMEHTBI aCTPOHOMUU U aCTPOPUIUKI».

Ponb Qu3uku U acTpOHOMHUU B KOHOMHYECKOW, TEXHOJOTUYECKOW, COLUATBLHOM
U ATUYECKOW cepax NeATeTbHOCTH YeJOBEKa, pojib U MECTO (M3UKU U aCTPOHOMHHU
B COBPEMEHHOM  HAay4yHOW  KapTUHE  MWupa, 3HAYECHUE OIUCATEIILHOM,
CUCTEMATU3UPYIOIIeH, OOBACHUTEIHPHON M MPOTHOCTUYECKOW (QYHKUIMK (Puznueckoit
TEOpPHH, poiib (PU3HUEecKOr Teopuu B (POPMHUPOBAHHH MPEACTABICHUN O (PU3NUECKOU
KapTUHE MHpa, MECTO (PU3MUECKON KapTUHBI MHpa B OOIIEM psAIy COBPEMEHHBIX
€CTECTBEHHO-HAYYHBIX NPEICTABICHUN O IPUPOE.

MexnpeaMeTHbie CBSI3H

N3ydenue xypca ¢usuku yriayOiaeHHOro ypoBHs B 11 kiacce ocCyliecTBIIsIeTCS
C YYETOM COJICPKATEIbHBIX MEXKITPEIMETHBIX CBA3EH C KypcaMHu MaTeMaTUKH, OMOJIOTHH,
XUMUH, Teorpaduu U TEXHOJIOTUH.

Mesicnpeomemnovie NOHAMUA, CEA3AHHbLIE C UYUEHUEM MEMO008 HAYUHO20
no3nanus: SABJICHUE, HAyYHBbIN (DakT, runoTe3a, Pu3ndeckasi BeIMUYMHA, 3aKOH, TEOpUs,
HAOJIIO/ICHUE, DKCIEPUMEHT, MOJCIUPOBAHUE, MOJElb, H3MEPEHHE, TOrPEITHOCTH
U3MEpEHUN, U3MepUTEIbHBIE PUOOPHI, U(poBas JadbopaTopusi.

Mamemamuxa: Pemenue cuctembl ypaBHeHUM. TpuroHoMerpuyeckue QyHKIUU:
CUHYC, KOCHUHYC, TAHT€HC, KOTAHT€HC, OCHOBHOE TPUTOHOMETPUUYECKOE TOXKIECTBO.
BekTopbl M HMX TPOEKIIMKM HAa OCH KOOpPJMUHAT, CIIOXKEHHE BEKTOPOB. [Ipon3Bo/iHBIC
aneMeHTapHbIX (GyHKuMi. [Ipr3Haku mogoOus TpeyrojlbHUKOB, ONpPEIEIECHUE TUIOIIAIN
MJI0CKUX GUTyp U o0beMa Tell.

Buonozus: >nexTpudeckuie sIBICHUS B )KHUBOUM MPUPOJIE, KOJIeOATEIbHBIC JBUKCHUS
B JKMBOW NPUPOJE, IKOJOTMYECKUE PUCKA NPU MPOU3BOACTBE 3JIECKTPOIHEPIHH,
AJIEKTPOMArHUTHOE 3arps3HCHUE OKPYXKAIOWIEW Cpelbl, YIbTPA3BYKOBAas IHArHOCTHKA
B MEJUILIMHE, ONTUYECKHUE SIBJICHUS B )KUBOM MPUPOJE.

Xumusa: CTpOEHUE aTOMOB U MOJIEKYJI, KPUCTAIIMYECKasl CTPYKTYpa TBEPABIX TE,
MEXaHU3MbI 00pa30BaHUsl KPUCTAJUTMUECKON PEIleTKH, CIIEKTPaIbHbIN aHAIN3.

T'eocpaghua: marHuTHbIE TONIOCa 3€MJM, 3aJIe)KM MAarHUTHBIX pyl, (HoTocheMka
3eMHOM MTOBEPXHOCTH, cericMorpad.

Texnonozua: TPVMEHEHUE  TIOCTOSIHHBIX  MArHUTOB,  3JICKTPOMArHUTOB,
ANIEKTPOJIBUTATENh SIKOOU, reHepaTop MEePEMEHHOI0 TOKA, UHAYKIIMOHHAS e4Yb, JTUHUU
AJIEKTPOIIEpenayd, 3JNEKTPOABUTATENb, pajap, PaaUONPUEMHUK, TEIEBU30P, AHTCHHA,
tenedon, CBU-neus, ynbTpa3ByKoBasi AMarHOCTUKA B TEXHUKE, POCKIIMOHHBIN amnmnapar,
BOJIOKOHHAs OITHKA, COJIHEUHas OaTapes, CIyTHUKOBBIE MPUEMHHKH, siIepHas
DHEPreTUKA U SKOJIOTUYECKHUE aCIIEKThI €€ Pa3BUTHS.
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IINIAHUPYEMBIE PE3YJIBTATBI OCBOEHHMSA ITPOI'PAMMBI 110 ®U3UKE
HA YPOBHE CPEJHEI'O OBILIEI'O OBPA30OBAHUA

OcBoeHnue yudeOHoOro mnpenmera «@PuU3MKa» HA YPOBHE CPEAHETO OOMIETro
oOpa3oBaHus (yriIyOJICHHBIH YPOBEHB) OJDKHO OOECIICUUTH JOCTHUKEHUE CIIEHYIOIINX
JMYHOCTHBIX, METAIIPEIMETHBIX M IMPEAMETHBIX 00pa30BaTEIbHBIX PE3YIBTATOB.

JIMYHOCTHBIE PE3YJIBTATBI

JIn4HOCTHBIE pe3yJbTaThl OCBOCHHUS ydeOHOro mnpeaMera «Dduzukay TOKHBI
OTpaXaTb  TOTOBHOCTb H  CIIOCOOHOCTh  OOYYArOMIMXCS ~ PYKOBOJCTBOBATHCS
chOpMUPOBAHHOM BHYTPEHHEW TIO3UIMEH JUYHOCTH, CHCTEMON IIEHHOCTHBIX
OpUEHTAIUH, MO3UTUBHBIX BHYTPEHHUX YOEKIEHUI, COOTBETCTBYIOIIUX TPAAUIIMOHHBIM
IIEHHOCTSIM POCCHICKOTO OOIIECTBA, PACIIMPEHUE >KU3HEHHOTO OIbITa W OIbITa
NEATENIbHOCTA B MPOLECCE peaM3allid OCHOBHBIX HAIlPaBJICHHI BOCHUTATEIbHON
JIEATENBHOCTH, B TOM YHCJIEC B YaCTH

1) rpaxaaHcKoOro BOCHUTAHUA:

chOPMUPOBAHHOCTh TPAXKTAHCKONW IMO3MIIMKM OOYYaromerocss Kak aKTHUBHOTO
1 OTBETCTBEHHOT'O WIEHA POCCUMCKOT0 OOIIECTBA;

MIPUHSITHE TPaaULIMOHHBIX 00IIIEYEI0BEUYECKNX TYMaHUCTUYECKUX
Y IEMOKPAaTUYECKUX LIEHHOCTEM;

FOTOBHOCTh BECTH COBMECTHYIO JEATEIBHOCTh B MHTEpPECaxX TIpakgaHCKOTO
o0I1ecTBa, y4acTBOBaTh B CaMOYIIpaBJICHUH B 00pa3oBaTeIbHON OpraHu3aIuy;

YMEHHE B3aUMOJAECHUCTBOBATH C COLMAIBHBIMU MHCTUTYTAMH B COOTBETCTBUH C HX
GYHKIUSMH 1 HA3HAYCHUEM;

FOTOBHOCTb K TYMaHUTAapPHOM U BOJIOHTEPCKOU JIESITEIbHOCTH;

2) MATPUOTHYECKOT 0 BOCTIMTAHUS
c(hOpMUPOBAHHOCTH POCCUNCKON IPpaXKJaHCKON MACHTUYHOCTH, TAaTPUOTU3MA;
IICHHOCTHOE OTHOIIEHUWE K TOCYJapCTBEHHBIM CHMBOJIaM, JIOCTHKECHUSIM
POCCUIMCKUX YUEHBIX B 00J1aCTH (DU3UKU U TEXHUKE;

3) AyXOBHO-HPABCTBEHHOI'0 BOCIIUTAHMS:

c(hopMUPOBAHHOCTb HPABCTBEHHOT'O CO3HAHUSI, TUUYECKOTO [TOBEICHUS;

CIIOCOOHOCTh OIICHMBATh CUTYallUl0 M TPUHUMATh OCO3HAHHBIE pEIICHUS,
OPUECHTUPYICh Ha MOPAJIbHO-HPABCTBEHHBIE HOPMBI M ILIEHHOCTH, B TOM YHCIIE
B JICSITEILHOCTHA Y4E€HOIO;

OCO3HAHHE JIMYHOTO BKJIA/Ia B IOCTPOCHHUE YCTOWUYMBOTO OYAYIIIETO;

4) 3CTEeTHYECKOro BOCIIUTAHUS:
ACTETUYECKOE OTHOIICHHE K MHPY, BKIIOYas JCTETHKY HAyIHOrO TBOPYECTBA,
npucymiero Gu3nIeckon HayKe;
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5) TpyIoBOro BOCHUTAHUA:

HHTEpeC K pasnudyHbM chepam mpodeccHoHaTbHOW ACATEIHLHOCTH, B TOM YHCTC
CBSI3aHHBIM C (DM3UKON M TEXHUKOH, YMEHHE COBEPIIATh OCO3HAHHBIN BHIOOP Oymyriei
npoecCur U peaTn30BbIBaTh COOCTBEHHBIC )KU3HEHHBIC TJIAHBI,

TOTOBHOCTH U CLIOCOOHOCTH K 00pa30BaHUIO M cCaMO00Opa30BaHUIO B 001aCTU GUBUKHU
Ha MPOTSHKECHUHU BCEH JKU3HH,

6) IKOJIOrH4YecKOro BOCIIUTAHHUSA:

c(OpMUPOBAHHOCTH FKOJOTHUYECKOMN KyIbTYPhI, 0CO3HAHKE II100aJIbHOTO XapaKTepa
HKOJIOTHYECKUX MPOOIIEM;

IUIAHUPOBAHUE W OCYILECTBJIECHHUE JIEMCTBUUM B OKPYXKAIOIIEH CpelAe Ha OCHOBE
3HAHUS LEJIed YCTOUYMBOIO Pa3BUTHUS YEJIOBEUYECTBA;

pacuIMpeHue OmbITa AEATEIHOCTH JKOJIOTMUYECKONM HANpaBJICEHHOCTH HAa OCHOBE
UMEIOLINXCS 3HaHUH 10 (pusHKe;

7) HeHHOCTH HAYYHOT O MO3HAHMSA:

c(OpMUPOBAHHOCTh MUPOBO33PEHHUS, COOTBETCTBYIOLIETO COBPEMEHHOMY YPOBHIO
pa3BUTHS PUZNIECKON HAYKH;

OCO3HAHHE LIEHHOCTH HAayYHOMH JIeSITeNTbHOCTH, TOTOBHOCTH B IPOLIECCE N3YUEHUS (PU3UKH
OCYIIECTBJISITH MPOEKTHYIO U UCCIIEI0OBATENBCKYIO AEATEIbHOCTh NHAMBUIYAILHO U B TPYIIIIE.

B npouecce AoCTHMXKEHMS] JIMYHOCTHBIX PE3YIbTATOB OCBOCHMSI MPOTrpaMMbl
no (¢u3MKe g YPOBHS CpEAHEro OOIero oOpa3oBaHHUS y OOy4YaroIIMXCs
COBEPIICHCTBYETCS SMOLIMOHATIBHBIA MHTEJUIEKT, Tpeioaratomuii copMiUpOBaHHOCTb:

CaMOCO3HAHMS, BKJIIOYAIOIIEr0 CIOCOOHOCTh IMOHUMAaTh CBOE 3MOLIMOHAIBHOE
COCTOSIHUE, BUAETh HAIIPABJICHUS Pa3BUTHSA COOCTBEHHON 3MOLMOHANBHON c(epbl, ObITh
YBEpEHHBIM B ce0e;

CaMOpPETYJIMPOBaHHUs, BKIIOYAIOMIETO CAMOKOHTPOJb, YMEHHE TMPUHUMATh
OTBETCTBEHHOCTH 3a CBOE MOBEJCHHE, CTIOCOOHOCTh aIaliTUPOBATHCS K AMOIMOHATILHBIM
U3MEHEHUSIM U IPOSIBIATH TMOKOCTb, OBITh OTKPBITHIM HOBOMY;

BHYTPEHHEW MOTHMBALIMM, BKIIOYAIONIEH CTPEMJICHHE K JOCTID)KCHUIO LIEJH
U yCleXy, ONTUMHU3M, HHHMLHMATUBHOCTb, YMEHHE JEMCTBOBaTh, HUCXOAS U3 CBOMUX
BO3MOKHOCTEH;

SMIIATHH, BKIIOYAIOMIEH CIOCOOHOCTh IMOHUMAaTh SMOLMOHAIBHOE COCTOSTHHE
JPYTUX, YYUTHIBATh €r0 MPH OCYIIECTBICHUH OOIIEHUS, CIIOCOOHOCTh K COYYBCTBHUIO
U CONIEPEKUBAHUIO;

COILIMATBbHBIX HABBIKOB, BKIJIIOYAIOIIUX CIHOCOOHOCTh BBICTPAWBATh OTHOIICHHUS
C IpYTMMH JIFOJIbMU, 3a00TUTHCS, POSIBIIATH HHTEPEC U pa3periaTb KOH(IUKTHL.

METAINIPEAMETHBIE PE3YJIBTATBI

Ilo3HaBaTe/IbHbIE YHUBEPCAJIbHbIC Y4eOHBIE 1eiiCTBUS
ba3oBbIe JIoruueckue 1eMCTBUA:

CaMOCTOSITETTLHO (DOPMYITUPOBATh U aKTYaJIU3UPOBATh MPOOJIEMY, paccMaTpyuBaTh
€€ BCECTOPOHHE;
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OIPEAEIIATh LEIU AeSTEIbHOCTH, 3aaBaTh IapAMETPbl U KPUTEPUU UX JOCTUKECHUS,

BBISIBJISITh 3aKOHOMEPHOCTH W MPOTHUBOPEYMS B PACCMATPUBAEMBIX (PU3HUECKUX
ABJICHUSX;

pa3pabarblBaTh IUIaH pEIIEHUS MPOOJEMBbl C YYETOM aHaju3a HMEIOMIMXCS
MaTepHabHBIX U HEMATEPUAJIbHBIX PECYPCOB;

BHOCUTHb KOPPEKTUBBI B JIESTENBHOCTb, OLICHUBATH COOTBETCTBHUE PE3YJIbTATOB
LIEJISIM, OLIEHUBATh PUCKU IOCIEACTBUN NEATEIbHOCTH;

KOOPAMHUPOBATh M BBIMOJHATH pabOTy B YCIOBHUSX PEATbHOIO, BUPTYAIBHOTO
¥ KOMOMHHUPOBAHHOT'O B3aUMOJICHCTBUS;

pa3BUBaTh KPEATUBHOE MBIIIJICHUE MPU PEILIEHUH KU3HEHHBIX TPOOIIEM.

Bba3oBble ucciaenoBaTe/IbCKue JelCTBHA .

BJIAJICTh HAYYHOH TEPMHUHOJIOTMCH, KIIOUEBBIMH TIOHATHSAMH M METOAaMH
buznyecKoil HayKu;

BJIaJICTh HAaBBIKAMHM YYE€OHO-HCCIICIOBATEILCKOH M IPOCKTHON JESITEILHOCTH
B 00yacTH (U3HWKH, CIMOCOOHOCTHIO M TOTOBHOCTBHIO K CaMOCTOATEIHLHOMY IIOMCKY
METOJIOB PEIICHUS 3a1a4 (PU3UICCKOTO COACPIKAHMS, TPUMEHEHHUIO Pa3IMYHBIX METOJ0B
MTO3HAHHS,;

OCYIIECTBIIATh PA3IUIHBIC BUABI AEATCILHOCTH IO IMOJYICHHIO HOBOT'O 3HAHUSI, €T0
WHTEPIpPETAIIiU, TPEOOPA30BAHUIO U TPUMEHEHHUIO B PA3IMYHBIX YU4COHBIX CHUTYyaIHsX,
B TOM YHCJIE TIPH CO3aHUHN YUEOHBIX IIPOCKTOB B 00J1aCTH (DU3UKH;

BBISBJISTH IPUYMHHO-CIICICTBEHHBIC CBS3H U aKTyaJU3UPOBATh 3a/1a4y, BBIIBUTATh
THIIOTE3Y €€ PEIICHUS, HaXOIUTh apryMEHTHI JIJIS IOKA3aTelIbCTBA CBOMX YTBEP)KICHUM,
3aJ1aBaTh MapaMeTPhl U KPUTEPHUH PEIICHMUS;

AHATM3UPOBATH TIOJYYEHHBIE B XOJI€ PEIICHUS 3a/aud pPe3yIbTaThl, KPUTHUYECCKU
OLICHUBATh X JJOCTOBEPHOCTH, MPOTHO3UPOBATH U3MEHEHHNE B HOBBIX YCIIOBUSAX;

CTaBUTH U (HOPMYITHPOBATH COOCTBEHHBIC 33/1a4U B 00Pa30BaTEIbHOMN IEATEIHHOCTH,
B TOM YHCJIE TIPU U3yYCHUU (HU3HKU;

JaBaTh OIICHKY HOBBIM CHUTYAIIMSIM, OIICHHBATh IPHUOOPETCHHBIN OIIBIT,

yMETh  TIEPEHOCUTh 3HAHUSA 1O (U3UKE B  TPAKTHYECKYyI0  00JacTh
KU3HEICATCILHOCTH,

yYMETh HHTCTPUPOBATH 3HAHUS U3 Pa3HBIX MPEAMETHBIX 00J1aCTeH;

BBIIBUTATh HOBBIC HJICH, TIPEJIaraTh OPUTHHAIBLHBIE TIOJIXOIBI M PEIICHUS;

CTaBUTH MIPOOJIEMBI U 33]1a4H, JTOMYCKAIONINE albTePHATUBHBIC PEIICHMS.

Pabora ¢ undgopmaumeii:

BJAJIeTh HABBIKAMHM TMOJY4YCHHS HHPOpMauu (HU3MUIECKOTO  COACpNKAHUS
W3 HCTOYHHUKOB PA3HBIX THUIIOB, CAMOCTOATEIBHO OCYILECTBISATHh IIOWUCK, aHaJIM3,
CUCTEMATH3allUI0 M WHTepOpeTanuio HHGOpMAIUU pPa3Iu4dHbIX BUIAOB U GOpM
MpeCTaBICHNUS;

OIICHUBAThH JIOCTOBEPHOCTH UH(POPMAITUH;

UCIIOJIb30BaTh CPEJCTBA MH(POPMAIMOHHBIX U KOMMYHHMKAIIMOHHBIX TEXHOJIOTHUU
B PCIICHMM KOTHUTUBHBIX, KOMMYHUKATHUBHBIX W OpPraHU3alMOHHBIX  3a/a4
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c coOmofgeHueM TpeOOBaHUI OSProOHOMUKH, TEXHUKH O€30MaCHOCTH, TUTHEHBI,
pecypcocOepexeHusi, MNPaBOBBIX M OTUYECKUX HOPM, HOPM HH(POPMALMOHHOU
0e30macHOCTH;

CO3/1aBaTh TEKCThI (PU3UUECKOTO COJEPKAHMS B Pa3IMYHBIX (OpMarax C y4eTom
Ha3HaYeHUsd HMHPOpPMALMKA U LEJIEBOM ayJuTOpUU, BHIOMpPAs ONTUMAIBHYIO (OpMY
MPEJICTABIICHUS U BU3yaJTU3ALINH.

KoMmyHHKAaTHMBHbBIE YHUBEPCAJIbHbIE yUYeOHbIEe HeiiCTBUS

Oommenue:
OCYIIECTBIISITH OOIIEHUE HA ypOKaX (PH3UKH M BO BHEYPOUHOU JEATEIHHOCTH;
pacmno3HaBaTh MPEANOCHUTKH KOH(MIMKTHBIX CUTYAIlUi U CMATYaTh KOH(IUKTHI,
Pa3BEPHYTO U JIOTUYHO U3JIaraTh CBOIO TOUKY 3PEHUS C UCIIOIb30BAHUEM S3BIKOBBIX

CpPEIICTB.

CoBMecTHAas ACATECJIBbHOCTD:

MTOHUMATh U UCMOJIb30BaTh PEUMYILIECTBA KOMAHHOW U HHAMBUIYaJIbHON paOOThI;

BBIOMPATh TEMATUKY U METOJIbl COBMECTHBIX ACUCTBUI C y4€TOM OOIINX UHTEPECOB,
Y BO3MOKHOCTEH Ka)KJ[0r'0 YIeHa KOJUIEKTUBA,

IIPUHUMATB LIE€JIM COBMECTHOU JACATEIBbHOCTH, OPraHU30BbIBATH U KOOPAUHUPOBATH
JEUCTBUA I10 €€ JOCTUIKEHUIO: COCTABIIATH IUIAH ACHCTBUM, PACIIPEAEIIATH POJIM C Y4ETOM
MHEHUW YYaCTHUKOB, OOCYXIaTh Pe3yJbTaThl COBMECTHOM PabOTHI;

OLICHMBAaTh KAaue€CTBO CBOEr0 BKJIAJa U Ka)XJOr0 y4aCTHHKA KOMaHJbl B OOIIMIA
pE3yJIbTAT MO pa3padoTaHHBIM KPUTEPUSIM;

IpemjlaraTb  HOBBIE INPOEKTHI, OLIEHWBATh MJAEU C IIO3ULUU HOBHU3HBI,
OPUTMHAJILHOCTH, ITPAKTUYECKON 3HAYMMOCTH;

OCYLIECTBIIATH ITO3UTHUBHOE CTPATETMYECKOE IOBEICHUE B PA3JIMUHBIX CUTYALUAX,
IPOSIBJISITH TBOPUECTBO U BOOOpakeHUE, ObITh HHUIIMATHBHBIM.

PeryinsiTuBHBIC YyHHBEpPCAJIbHbIE Y4eOHbIE 1eHCTBUA
Camoopranmszanus:

CaMOCTOATENIFHO OCYIIECTBISITh TMO3HABATEIbHYIO JAESITEIbHOCTH B OOJIACTH
(GU3MKH 1 aCTPOHOMUH, BBISBIISATH MPOOJIEMBI, CTABUTh U (POPMYITUPOBATH COOCTBEHHBIE
3a/1a4u;

CaMOCTOSITEJIbHO COCTABJIATh IUIAH PEIICHMS] pACUETHBIX M Ka4ECTBEHHBIX 3aad,
IUIaH BBIMOJHEHUSA MPAaKTUYECKOM pabdoThl € YYETOM MMEIOIIUXCS PECcCypCoB,
COOCTBEHHBIX BO3MOYKHOCTEHN U MPEAIOYTEHHUI;

JaBaTh OLICHKY HOBBIM CUTYAalLUsIM;

pacimpsATh paMKHi Y4€OHOI0 MpeIMEeTa Ha OCHOBE JIMYHBIX MPEATIOYTEHUH;

JienaTh OCO3HAHHBIN BEIOOP, ApryMEHTUPOBATH €r0, OpaTh Ha ce0s1 OTBETCTBEHHOCTh
3a PEILCHNUE;

OLIEHUBATh PUOOPETEHHBIN OIIBIT;
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CrocoOCTBOBaTh (POPMUPOBAHUIO U MPOSBICHUIO SPYAMUIIMU B 00JaCTU (PU3UKH,
MOCTOSIHHO TOBBIIIATH CBOM 00pa30BaTEIbHBIN U KyJIbTYPHBIH YPOBEHb.

CaMOKOHTPOJIb:

JlaBaTh OLICHKY HOBBIM CHUTyallUsIM, BHOCUTHb KOPPEKTHUBBI B JEATEIbHOCTD,
OLICHUBATh COOTBETCTBUE PE3YJITATOB LIEIISIM;

BJIaJIETh HaBBIKAMH TO3HABATEIHHOW pedIEeKCUM KaK OCO3HAHHUS COBEPIIAaeMbIX
JEUCTBUAM U MBICIIUTEIIBHBIX IPOLIECCOB, UX PE3YIBTATOB U OCHOBAHMUI;

UCIOJIb30BaTh MPUEMBbl pediaeKkcuu [Jisl OLUEHKH CHUTYyallMd, BBIOOpa BEPHOTO
pelIeHUS;

OIICHUBATh PUCKHA U CBOEBPEMEHHO MPUHUMATh PELICHUS 110 UX CHUKEHHUIO;

IIPUHUMATh MOTHUBBI M aPTYMEHTBI IPYTUX [PU aHATIU3€E PE3YIBTATOB IEATEIIBHOCTH.

IIpunsiTHe cedst M APYIrUX:
IPUHUMATh ce0sl, TOHUMasl CBOM HEJTOCTATKU U IOCTOMHCTBA;
IPUHUMATh MOTUBBI U apTYMEHTBI IPYTUX [IPU aHAJIU3€E PE3yJIbTaTOB JEATEIbHOCTH;
IPU3HABATH CBOE IPABO U MPABO JPYIMX Ha OLIMOKY.

IMPEAMETHBIE PE3YJIbTATBI

B mporiecce usydenus: kypca kypca ¢pusuku yriyoneHHoro yposHs B 10 kiacce
OO y4JaromIuiicss HayquTCs:

NOHUMATh POJIb (PU3UKU B SKOHOMMUYECKOH, TEXHOJOIMUECKOH, 3KOJIOrMYecKoil,
COLMAIbHOM M 3THYECKOM cdepax NesTeNbHOCTH YE€JIOBEKa, pOJib U MECTO (DU3UKHU
B COBPEMEHHOM  HAydYHOM  KApTUHE  MHpA,  3HAYECHHE  ONMUCATEIBHOM,
CUCTEMaTU3UPYIOIIel, OOBICHUTEIbHON W MPOrHOCTUYECKOM (GYHKUMNA (U3HUEeCcKOn
TEOpUU — MEXAHUKHU, MOJIEKYJISPHOW (DUM3UKKA M TEPMOJUHAMHKHU, POJib (PU3MUECKOU
TEOpUHU B (POPMUPOBAHUM MPEICTABICHUN O PU3NYECKON KapTUHE MUDA;

pa3nuyaTh YCJIOBHS MPUMEHHUMOCTH MOAENeH (U3MUeCKUX Teld U MPOLECCOB
(sBNEHUI): UHEPLIMATbHASL CUCTEMa OTcueTa, a0COJIIOTHO TBEPJIOE TEIO0, MaTepUaibHas
TOYKA, PAaBHOYCKOPEHHOE JBH)KEHHE, CBOOOJHOE TMaJieHue, aOCONIOTHO ympyras
nedopmartiusi, abCOMOTHO YIPYyroe u aOCONIOTHO HEYNPYroe CTOJIKHOBEHHS, MOJEIU
rasa, ®HUJIKOCTH U TBEPJOro (KpUCTANIMYECKOI0) TeJla, UJleadbHbIi ra3, TOYeUHbIN 3aps/,
OJTHOPOJTHOE 3JIEKTPUUYECKOE MOJIE;

pa3nuyaTh YCIOBUS (TpaHMIIbI, 00JACTH) NPUMEHHUMOCTH (DPU3MYECKUX 3aKOHOB,
NOHUMAaTh BCEOOLIMH XxapakTep (yHIaMEHTAIbHBIX 3aKOHOB U OrPaHMYEHHOCTH
MCIOJIb30BaHUS YaCTHBIX 3aKOHOB;

AHAIM3UPOBATH U OOBSCHATH MEXAaHWYECKHE MPOLECChl M SIBJICHUS, HCIOIb3YS
OCHOBHBIE TOJOXEHUS W 3aKOHbl MEXaHUKH (OTHOCHUTEIBHOCTh MEXaHUYECKOIO
NBUKEHUA, (HOpMYJbl KUHEMAaTHKHA DPABHOYCKOPEHHOTO JIBHXKEHHS, MpeoOpa3oBaHUs
["aymunest 11 CKOPOCTH U MepeMENIEHus, 3aKOHbI HpI0TOHA, TPUHIMIT OTHOCUTENbHOCTH
['amuness, 3aKOH  BCEMHMPHOIO  TATOTEHMsS, 3aKOHbl  COXPAHEHHS  MMILYJIbCA
U MEXaHHYECKON YHEPrUH, CBsI3b paOOThI CHIIbI C N3MEHEHUEM MEXaHWYECKOW IHEPIrUH,
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YCJIOBHSI PABHOBECHS TBEPAOro Teja), MPU ATOM HCMOJIL30BaTh MaTeMaTHYECKOe
BBIpOKCHUE 3aKOHOB, YKa3bIBaTh YCJIOBUS TPUMEHHUMOCTH (U3NUECKUX 3aKOHOB:
npeoOpa3zoBanuii ["anuies, BTOporo u TpeThero 3aKkoHoB Hpl0TOHA, 3aKOHOB COXPaHEHHUS
UMITYJIbCa U MEXaHUYECKOW PHEPTUU, 3aKOHA BCEMUPHOTO TATOTCHUS,

aHAJM3UPOBATH U OOBSACHSTH TEIUIOBBIC ITPOLIECCHI U SIBJICHUS, UCITOJIB3YSl OCHOBHBIC
MOJIOKEHUSI MOJICKYJISIPHO-KUHETUYECKOH TEOPUM U 3aKOHBI MOJICKYJISIPHOM (PU3HKHU
U TEepMOAMHAMHKU (CBSI3b JABJICHUS MJCAIBHOrO Ta3a CO CPEIHEM KUHETUYECKOU
SHEPIrUeil TEIIOBOI'0 JIBHXKEHUSI M KOHUEHTpALUE €ro MOJIEKYJ, CBSI3b TeMIepaTyphl
BEIIIECTBA CO CPeIHEH KHHETUUECKON IHEPTUEH TEIJIOBOTO ABUKEHUSI €r0 YacCTHIl, CBSI3b
JABJICHUSI UJICAJILHOTO T'a3a C KOHIIEHTpAIMeld MOJIEKYI U €r0 TEMIIepaTypoi, ypaBHEHHUE
MenpaeneeBa—Knaneipona, nepBblil 3aKOH TEPMOJUHAMUKHU, 3aKOH COXPAHEHUS SHEPTUU
B TEIUIOBBIX MPOIECCAX), PY 3TOM UCIOIb30BATh MATEMAaTUYECKOE BhIPAKEHUE 3aKOHOB,
YKa3bIBaTh YCIOBUS IPUMEHUMOCTH ypaBHeHU Menaeneesa—Knamnelpona;

aQHAJM3UPOBATh M OOBACHATH DJECKTPUUYECKUE SIBJICHHUS, HCIIONb3ysl OCHOBHBIC
MOJIOKEHUS ¥ 3aKOHBI 3JICKTPOJMHAMUKH (3aKOH COXPAHEHUsI AJIEKTPUUYECKOro 3apsija,
3akoH KyroHa, TOTEHIMaIbHOCTh JIEKTPOCTATUYECKOTO MOJIsl, TPUHIIUIT CYNIEPIIO3UIIAU
AICKTPUUYECKUX TIOJIEH, TIPU ATOM YyKasblBasi YCIOBUSI MPUMEHUMOCTH 3akoHa KyroHa,
a TakKe NPaKTUUYECKH BaKHbIE COOTHOIIEHHUS: 3aKOHbI OMa 1Jis1 ydacTka Ienu
U JUIS 3aMKHYTOM 2JIGKTpuYecKou 1enu, 3akoH JDxoyms—Jlenia, npasmina Kupxroda,
3akoHbl Dapajes s AIEKTPOIH3a);

OMHUCBHIBATh  (PUBMYECKHE TIPOIECChl M SIBJIICHHS, HCIOIb3YSd  BEIMYHHBI:
nepeMenieHue, CKOpoCTh, YCKOPEHHE, UMITYJIbC Tella U CUCTEMBbI TeJ, CHJIa, MOMEHT
CWJIbl, NaBJICHWE, TOTEHIUAJIbHAS DSHEPrusi, KUHETHUECKas JHEPrus, MexaHudyeckas
9HEprus, paboTa CWIIBI, I[EHTPOCTPEMUTEIHLHOE YCKOPEHHE, CHja TSKECTH, Chjia
YIIPYroCTH, CHJIa TPEHHUS, MOIITHOCTh, SHEPTHUs B3aUMOJICHCTBHS Tena ¢ 3eMyiei BOIu3u
€e TOBEPXHOCTH, DHEPrus ynpyrod aedopMaiviui MPYXKUHBI, KOJIMYECTBO TEIUIOTHI,
abcojiroTHast TemIieparypa Tejla, paboTta B TEpPMOAMHAMHKE, BHYTPEHHSIS SHEprus
UJIeaJIbHOTO OJIHOATOMHOIO ra3a, paboTa ueaJbHOIo ra3a, OTHOCUTEIbHAS BIAKHOCTD
BO37yXa, KOIPOPUIMEHT TMOJE3HOTO IEHCTBUS WICATHHOTO TETUIOBOTO JIBUTATEIS,
AJIEKTPUYECKOE TOJIE, HAMPSHKEHHOCTh AJIEKTPUUYECKOTO TMOJIsA, HANPSHKEHHOCTh MOJIA
TOYEUHOT0 3apsija WM 3apsHKEHHOrO I1apa B BaKyyMe U B JAMDJICKTPUKE, MOTEHIIAAI
AJIEKTPOCTATUYECKOTO MOJIA, Pa3HOCTh IMOTEHIMAJIOB, JJICKTPOABIKYIIAs CHJIA, CHIa
TOKa, HaIPsYKEHUE, MOITHOCTh TOKA, DJIEKTPUUYECKasi EMKOCTh IMJIOCKOTO KOHJEHCATOPa,
COTPOTHUBIICHUE y4yacTKa LIETMH C MOCIEI0BATEIbHBIM U MapaUIeIbHBIM COCIUHEHUEM
PE3UCTOPOB, SHEPTHUS IIEKTPUUECKOTO MOJISI KOHJIEHCATOPA;

OOBSCHATh OCOOEHHOCTH TIPOTEKAaHUS (PUBMUECKUX SIBICHUNA: MEXaHUUYECKOE
JBIKCHHE, TEIJIOBOE JBIKCHUE YaCTHI] BEIIECTBA, TETUIOBOS PaBHOBECHE, OPOYHOBCKOE
nBwxkeHue, auddys3us, ucnapeHue, KUINEHUE W KOHJEHCAIMS, IUIaBJICHUE
W KpUCTAUIM3ALMS,  HANpPABICHHOCTh  TEIUIONEpeNadyu,  JJIEKTpU3alMs  Tell,
AKBUMOTEHIIUAIBHOCTD MOBEPXHOCTH 3apsIKEHHOTO TTPOBOIHUKA;
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MIPOBOJIUTH MCCIIEIOBAaHUE 3aBUCUMOCTH OJHON (PU3MUECKON BETUYUHBI OT JPYrou
C HCIOJb30BAHUEM MPSIMBIX H3MEPEHUH, MPU 3TOM KOHCTPYUPOBATH YCTAHOBKY,
(UKCHpOBaTh PE3YNbTAThl MOTYYEHHOW 3aBUCHUMOCTH (PU3NYECKUX BEIMYMH B BHJIE
rpauKoB € y4yeToM aOCOJIIOTHBIX NOTPEIIHOCTEH W3MEPEHUM, JieJaThb BbIBOJIbI
0 pe3yJibTaTaM UCCIIeI0BaHuUs;

MPOBOJIUTh KOCBEHHBbIC HM3MEpPEHUsI (PU3MYECKUX BEJIWYUH, MPU ATOM BHIOMPATH
ONTUMAJIbHBIA METOJ W3MEpPEHHS, OIICHUBaTh aOCOJIOTHBIE U OTHOCUTEIbHBIC
MOTPEITHOCTH MIPSIMBIX M KOCBEHHBIX U3MEPEHUM;

IPOBOJUTHh ONBITHI MO TMPOBEPKE NPEMIOKEHHON THUIOTE3bl: IIAHHUPOBATH
HKCIIEPUMEHT, COOMPAThH SKCIEPUMEHTAIBHYIO YCTAaHOBKY, aHAJIM3UPOBATH MOJTYyYEHHBIE
pE3YJIbTATHI U I€JIaTh BBIBOJ O CTaTyCe MPEAI0KEHHON TMIIOTE3bI;

co0uro1aTh MpaBuia 6€30MacHOro TpyAa Ipy MTPOBEICHUH UCCIIEIOBAaHHUM B paMKax
y4e0HOT0 3KCIEpPUMEHTa, MPAKTUKyMa U Y4eOHO-HCCIEAOBATENLCKOW U MPOEKTHOMN
NEATENbHOCTH C HCIIOJB30BAHUEM HW3MEPUTEIBHBIX YCTPOMCTB M JTAOOPATOPHOIrO
00opymoBaHuUs;

peliaTh pacyeTHbIC 33Jaud C SIBHO 3a/laHHOM M HESBHO 3aJaHHON (PU3MYECKON
MOJIEbIO: Ha OCHOBAaHUH aHAJIM3a YCJIOBUS 0OOCHOBBIBATH BHIOOP (hr3HUECKON MOJIENH,
OTBEYaroIlell TPEOOBaHUAM 3a/Jaud, MPUMEHATh (POPMYJIbI, 3aKOHBI, 3aKOHOMEPHOCTHU
U TIOCTYJIaThl (PU3UYECKUX TEOPUM MPU HUCHOJIB30BAHHHM MAaTEMAaTHUYECKUX METOJ/IOB
pelieHusl 3aJad, MPOBOAUTH pPACUETHl HA OCHOBAaHWM HMEIOUIMXCA JIaHHBIX,
aHAJIM3UPOBATH PE3YJILTATHI U KOPPEKTUPOBATH METObI PEHICHUS C YUETOM MOJy4 EHHBIX
pE3YyJIbTATOB;

pelaTb KayecTBEHHbIE 3ajauM, TpeOyrolIue NPUMEHEHUs 3HAaHUM M3 Pa3HBIX
pa3nenoB Kypca (PU3MKH, a TakKe WHTErpaldyd 3HAaHUW U3 JPYTrUx MpeaMeTOB
€CTECTBEHHO-HAYYHOI'O IIMKJIA: BBICTPAMBATh JIOTUYECKYIO IE€TIOYKY PacCyKICHUM
C MCMOJIb30BAaHUEM M3YYEHHBIX 3aKOHOB, 3aKOHOMEPHOCTEN U (PU3NYECKUX SIBJICHUI;

UCIIOJIb30BaTh TEOPETUYECKUE 3HAHUS MJisi OOBSCHEHHS OCHOBHBIX MPHUHIUIIOB
pabOThl WM3MEPUTENbHBIX MPUOOPOB, TEXHUYECKUX YCTPOWCTB U TEXHOJOTHYECKHX
IIPOLIECCOB;

MPUBOJIUTH TPUMEPHl BKIAJa POCCHMCKUX M 3apYyOCKHBIX YUEHBIX-(DHU3UKOB
B Pa3BUTHE HAYKH, B OOBSICHEHUE NIPOLIECCOB OKPYKAIOIIEr0 MUPA, B PA3BUTHE TEXHUKH
U TEXHOJIOTUH;

AQHAIM3UPOBATh W OLIEHHUBATh IOCIEACTBHS OBITOBOM M MPOU3BOACTBEHHOM
NEeATENbHOCTH YEJIOBEKA, CBSI3aHHOM ¢ (U3MYECKUMMH TMpoLeccaMy, C MO3ULHN
HKOJIOTUYECKON 0€30I1aCHOCTH, MTPEICTABICHUH O palliOHAILHOM IIPUPOIOII0Ib30BAHHH,
a TAKYK€ PAa3yMHOM HCIOJIb30BAaHUM JOCTHKEHUN HAYKH U TEXHOJIOTUH I JadbHENIIErO
pPa3BUTHS YEJIOBEYECKOTI'0 OOIIECTBA;

OPUMEHSTh pazIu4Hble CrmocoObl  paboThl ¢ uHPOpManuenr (GU3NIECKOro
COJIEpP)KaHUSI C HCIOJIb30BAHUEM COBPEMEHHBIX HWH()OPMAIIMOHHBIX TEXHOJOTHUIA,
Py 3TOM HCIOJb30BaTh COBPEMEHHbIE MH(GOPMAIIMOHHBIE TEXHOJIOTMM Ui MOMCKA,
nepepaboTKu M TpeabsABICHUA Y4eOHOW U HAay4YHO-TIONYJSIPHOM HH(pOpMalUH,
CTPYKTYpPUPOBAaHUSI U HWHTEpIIpETaliid HWH(OpMalMK, TMOIYYEHHOM W3 PazIuyHbIX
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UCTOYHUKOB, KPUTUYECKU aHAIM3UPOBATH IMOJIy4aeMyI0 MH(OPMALIMIO U OLIEHUBATh €€
JIOCTOBEPHOCTDH KaK Ha OCHOBE NMEIOIINXCS 3HAHUM, TAK ¥ HA OCHOBE aHAJIM3a UICTOYHUKA
uHpopmarmy;

MPOSBIIATh OPraHU3AIMOHHBIE W TI03HABATEIbHBIE YMEHHS CAaMOCTOSITEIbHOTO
NPUOOPETEHHsSI HOBBIX 3HAHUM B IMPOLIECCE BBIMOJIHEHUS MPOEKTHBIX M y4eOHO-
UCCIIEI0OBATENbCKUX PadOT;

paboTaTh B rpyImIe ¢ UCMOJHEHUEM Pa3IMYHbIX COLUAIBHBIX pOJIeH, MIIaHUPOBATh
padoTy TIpymmbl, palMOHAIBHO pPACIpeAesATh JEATEIbHOCTh B HECTaHJAPTHBIX
CUTyalUsX, OLEHMBATh BKJIAJ KaXJOr0 M3 YYAaCTHUKOB TIPYNIBI B PpELICHUE
paccMaTpuBaeMoir IpoOJIEMBl;

OpOSIBIATh ~ MOTMBALMI0O K  Oyaymed npodecCHOHANbHOM — EATENbHOCTH
10 CHEUAIBHOCTIM (PU3UKO-TEXHUYECKOI0 MPOpUIIs.

B nponecce usydenuss kypca ¢Gu3MKd yriayoieHHoro ypoBHs B 11 kiacce
00 y4arouIuiicss Hay4uTCs:

MIOHUMATh poJIb (U3HKK B SKOHOMUYECKOH, TEXHOJOTMYECKOW, COLUAIbHOU
U 3TUYECKON cepax MesTEIbHOCTH YeJOBEKa, pOJib U MECTO (PU3MKU B COBPEMEHHOM
HAay4HOW KapTUHE MHUpPA, pOJb ACTPOHOMHM B IPAKTHUYECKOM AECATEIBHOCTH YEJIOBEKA
M JaJbHEHMIIEM  HAyYHO-TEXHUYECKOM  pPAa3BUTUH, 3HAYCHUE  ONMUCATEIIbHOM,
CUCTEeMaTU3UPYIOINIeH, OOBSICHUTETLHON W MPOrHOCTUYECKON (QYHKIUN (PU3NYECKOn
TEOPUU — DJIEKTPOAWHAMHUKH, CIIELUAJIBHOW TEOPUU OTHOCHUTEIIBHOCTH, KBAaHTOBOM
bu3ukyu, poiab (GU3MUECKOW TeOpud B (POPMUPOBAHUU MPEICTABICHUNA O (PU3MYECKOU
KapTUHE MHUpa, MECTO (U3MYECKOM KapTHHBI MHpa B OOILIEM pSAy COBPEMEHHBIX
€CTECTBEHHO-HAYYHBIX MPEICTABICHUN O IPUPOJE;

pa3nuyarh YCJIOBUS NPUMEHUMOCTH Mojened (U3MYECKUX Tel MU MPOLECcCOB
(sBNEHMIT): OIHOPOAHOE  DJIEKTPUYECKOE W  OJHOPOJHOE MAarHUTHOE  IOJI,
rapMOHMYECKHE KOIeOaHHsl, MaTeMaTUYeCKUN MAasTHUK, WJCATbHBIM TNPYXKUHHBIA
MasTHUK, TAPMOHUYECKHE BOJHBI, UJCATbHBIA KOJEOATETbHBIN KOHTYp, TOHKAs JINH3A,
MOJIEJIEN aTOMa, aTOMHOTO SiIpa U KBAHTOBOM MOJIEIIN CBETA,

pa3nuyarh ycioBusl (FpaHUIlbl, 00JACTH) MPUMEHUMOCTH (PU3NYECKUX 3aKOHOB,
MOHUMAaTh BCEOOIIMIM XapakTep (YHIaMEHTAIbHBIX 3aKOHOB M OTrPaHUYEHHOCTD
WCIIOJIb30BAHUS YACTHBIX 3aKOHOB;

AHATM3UPOBATH U OOBSICHATDH PJICKTPOMATHUTHBIE MPOIECCHI U SIBJICHUS, UCTIONIB3YS
OCHOBHBIC TIOJIO)KEHUS W 3aKOHBl DJJICKTPOJAMHAMUKH W CHEUUAIBHOM TEOPHUH
OTHOCHUTEIIbHOCTH (3aKOH COXpaHEHHUs 3JIEKTPUUECKOro 3apsjaa, cuia Amiepa, cuia
JlopeHnia, 3aKOH JJIEKTPOMArHUTHOW WHAYyKIUU, mpaBwio JleHma, cBsa3p J/C
CaMOMHIYKILWH B JIEMEHTE JJIEKTPUUECKOM LIEMH CO CKOPOCTHhIO U3MEHEHUS CUJIBI TOKA,
MOCTYJAThI CIIEIUATIBLHOM TEOPUH OTHOCUTEIILHOCTH DUHINTEHHA);

aAHATM3UPOBATh W OOBSACHATH KBAaHTOBBIC TMPOIECCHI W SIBICHUS, WCIIOJIb3Ys
MOJIOKEHUsI KBaHTOBON (us3uku (ypaBHeHHe JiHmTelHa s dotorddexra, mepBoiid
¥ BTOpOU mocTynarel bopa, mpuHIIUI COOTHOIIIEHUS HeompeneaeHHocren [ eizenoepra,
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3aKOHBI COXPaHEHUs 3aps0BOr0 U MACCOBOT'O YHCEN U DHEPTUU B SJCPHBIX PEAKIIUSX,
3aKOH PaJIMOAKTUBHOTO pacrajia);

OMHUCHIBATh  (PUBMYECKHUE TIPOLECChl U  SBJICHMS, HUCIOIb3YySd BEIUYUHBI:
HaIpPSHKEHHOCTh  AJIEKTPUYECKOr0 TOJIS, IMOTEHUHAN AJIEKTPOCTaTUYECKOro IO,
pPa3HOCTh TOTEHIIUAJIOB, SJEKTPOJABIKYIAsA CHUJIa, WHIYKIHMS MarHUTHOTO TIOJIf,
MarHuTHBIM TOTOK, cwia AwMIepa, HWHIYKTUBHOCTb, JJICKTPOJABHKYILAS —CHUJa
CaMOMHIYKIWH, DHEPryusi MarHUTHOTO TOJII MPOBOAHUKA C TOKOM, PEISTUBHUCTCKUM
UMIYJbC, MOJTHAS YHEPTHs, SHEPTUsl MOKOsS CBOOOJHONW YaCTHUIIbI, SHEPTUS U UMIYJIbC
(GhoTOHA, MAaCCOBOE YUCIIO U 3aps] SApa, SHEPTUs CBSI3U S/pa;

OOBSCHATh OCOOCHHOCTH MPOTEKaHWA (U3MUECKHUX SIBICHHUI: AJICKTPOMAarHUTHAs
WHYKIINS, CAMOUHIYKIIMS, PE30HAHC, MHTePDEPEHIIUS BOJIH, AUDPAKIUs, TUCTIEPCHS,
MOJIHOE BHYTpPEHHEE oTpakeHue, dotodniekrpuueckuit d3pdext (poroaddexr), anbda-
u Oera-pacnajsl siaep, TaMMa-u3IydeHue saep, GU3ndecKue MPUHITUITEI CIIEKTPaTbHOTO
aHayM3a 1 paboThI J1a3epa;

OTIpECIIATh HAllPaBJICHUE UHIYKIIMA MAarHUTHOTO TOJIS TPOBOAHUKA C TOKOM, CHJIBI
Awmnepa u cuibl Jlopenna;

CTpPOUTh H300paKeHUe, CO37aBaeMOe IUIOCKUM 3€pKajioM, TOHKOW JIMH30M,
U PACCUUTHIBAThH €TI0 XapaKTEPUCTUKH;

MIPUMEHSATh OCHOBOIOJIATAIOIINE ACTPOHOMUYECKUE TOHSATUS, TEOPUH U 3aKOHBI
JUIsl aHaiu3a M OOBsICHEHUs (U3MUECKUX IPOIIECCOB, MPOUCXONAIIMX B 3BE3/aX,
B 3BE3/IHBIX CHCTEMAaX, B MEKTAIAKTUYECKOU Cpe/ie; IBIKEHUSI HEOECHBIX TEJI, SBOJIOIUN
3Be31 U BeeneHHoii;

IPOBOJINTH UCCIIEIOBAHUE 3aBUCUMOCTEN (DU3MUECKUX BEIMYMH C UCTIOIh30BAHUEM
NPSMBIX U3MEPEHUM, ITPU ATOM KOHCTPYUPOBATh YCTAaHOBKY, (DUKCUPOBATH PE3YIbTaThI
MOJIYYEHHON 3aBUCUMOCTH (DU3MYECKUX BEJIMYMH B BHJIE TpPapUKOB C Y4ETOM
aOCONIOTHBIX ~ TOTPEITHOCTEM W3MEpPEHWM, Jenarh BBIBOJABI MO  pe3yJibTaraM
UCCIIeIOBAaHNUS;

IPOBOJINTH KOCBEHHBbIE M3MEpPEeHHs (U3MYECKUX BEJIMYUH, NPU ATOM BBHIOMPATH
ONTUMAJIbHBIA METOJ W3MEPEHHS, OIICHHBATh aOCOJIOTHBIE W OTHOCHUTEIIbHBIE
MOTPEIIHOCTH MPSIMBIX U KOCBEHHBIX U3MEPEHHUI;

IPOBOJUTH ONBITHI IO TMPOBEPKE MPEAJOKEHHOW THUIOTE3bl: IUIAHUPOBATH
AKCIIEPUMEHT, COOMPATh SKCIIEPUMEHTALHYIO YCTAaHOBKY, aHAJIM3UPOBATh MOJYICHHBIC
pe3yNbTaThl U AeNIaTh BHIBOJ O CTaTyCe MPEAJIOKEHHOU TUIIOTE3bI;

OIKCHIBATH METO/IbI MOJIYYCHHUSI HAYYHBIX aCTPOHOMUYECKUX 3HAHUM;

coOroaaTh NpaBuiia 0€30MacHOro Tpy/ia Ipy MPOBEACHUHN HCCIEJOBAaHUI B paMKax
y4e0HOTO HJKCIEpPUMEHTa, MPAKTUKyMa U Y4eOHO-HCCIEAOBATEILCKOW U MPOEKTHOMN
NESTETbHOCTA C HCIIOJNIb30BAaHUEM HW3MEPUTEIBHBIX YCTPOHUCTB M J1TaOOpaTOPHOTO
000py10BaHUS;

peliaTh pacyeTHbIC 33Jaud C SIBHO 3aJIaHHON M HESBHO 3aJaHHON (PU3NYECKON
MOJIEJIBbIO: Ha OCHOBAaHWY aHAJIN3a YCIOBHSI BEIOMPATh (PU3MUECKUE MOJICIN, OTBEYAIOIITHE
TpeOOBaHUSAM 3aJlaud, MIPUMEHATh (HOPMYJIbI, 3aKOHBI, 3aKOHOMEPHOCTH W TOCTYJIAThl
bu3NUeCKX TEOpUH TPU HCIIOJIIb30BAHUM MAaTEMaTUYECKUX METOJIOB PEIIeHUs 3ajad,
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MPOBOJUTH PacueThl HA OCHOBAaHUU MMEIOUIUXCS JaHHBIX, aHATU3UPOBATH PE3yJIbTaThl
U KOPPEKTUPOBATH METO/IbI PEIICHUS C YUETOM TOJYYEHHBIX PE3yJIbTaTOB,;

pemaTh KayeCTBEHHBIC 3ajaud, TpeOyrollue NPUMEHEHMs 3HAHUW U3 pPa3HBIX
pasnenoB Kypca (PU3MKH, a TakKe HWHTErpaldd 3HAHUW U3 JPYTrUX MpeaMeTOB
€CTECTBCHHO-HAYYHOI'0 IIMKJAa: BBICTpauBaTh JIOTUUECKYIO I1IETMIOYKY PaCCYXICHUIN
C MCIOJIb30BAaHUEM U3YUYEHHBIX 3aKOHOB, 3aKOHOMEPHOCTEHN U (DU3NUYECKUX SIBJICHUM;

UCIIOJIb30BaTh TEOPETUYECKUE 3HAHHS NJisi OOBSCHEHHUS OCHOBHBIX MPHUHIUIIOB
paboThl U3MEPHUTEIBHBIX MPUOOPOB, TEXHUUECKUX YCTPOMCTB M TEXHOJIOTHYECKHUX
MPOLIECCOB;

IPUBOJUTH TPUMEPHI BKJIAJa POCCUUCKUX W 3apyOeKHBIX y4CHBIX-(PU3UKOB
B Pa3BUTHE HAYKH, B O0BSICHEHNE TTPOIIECCOB OKPYKAIOIIETO MUPA, B PA3BUTHE TEXHUKH
U TEXHOJIOTUM;

aHAIM3UPOBATh W OLIEHUBATh IMOCJIEACTBHUS OBITOBOM M MPOU3BOACTBEHHOM
NESTENbHOCTA YEJIOBEKa, CBS3aHHOM ¢ (U3MYECKUMU TpoleccaMu, C MO3ULUN
HKOJIOTMYECKOM 0€301MacHOCTH, MPEACTABICHHUH 0 pallMOHAIbBHOM ITPUPOION0JIb30BAHUH,
a TAKYKE PAa3yMHOM HCIIOJIb30BAaHUH JOCTHKEHUN HAYKU U TEXHOJIOTUH I JaJbHENIIErO
Pa3BUTHS YEJIOBEUECKOTO OOIECTRA,;

MPUMEHATh Pa3IMYHble CHOCOOBI paboThl ¢ HHpOpMaKer (HU3MIECKOrOo
COJIEpKaHUS C UCIIOJIb30BAHUEM COBPEMEHHBIX HH(POPMAIIMOHHBIX TEXHOJIOTUH,
IpU 3TOM HCIOJB30BaTh COBPEMEHHbIE MH(GOPMAIIMOHHBIE TEXHOJIOTUM IS MOMCKA,
nepepaboTKu M TPENbsABICHUS Y4eOHOW U HAydHO-TIOMYJISIpPHOM HHQOpMaIuH,
CTPYKTYPUPOBAaHUS M HWHTEpHpeTanuu WHGOpMAIMK, TOJYYSHHOW U3 Pa3sTUYHBIX
HMCTOYHUKOB, KPUTHYECKU aHAIM3UPOBATH MOJy4yaeMylo MH(POPMAIIMIO U OLICHUBATh €€
JIOCTOBEPHOCTh KaK Ha OCHOBE UMEIOIINXCS 3HAHUHM, TaK ¥ Ha OCHOBE aHAJIN3a UICTOYHHKA
uHdopmalmy;

MPOSIBJISITh OPraHU3allMOHHBIC W TO3HABATEJIbHBIE YMEHHS CaMOCTOSTEJILHOTO
NpUOOPETEHUs] HOBBIX 3HAHUM B IMIPOLIECCE BBIMOJIHEHUS MPOEKTHBIX W y4EOHO-
UCCIIEIOBATENbCKUX paldoT;

paboTaTh B TPYIIE ¢ UCIIOJHCHUEM PAa3JIMYHBIX COMMAIBHBIX POJICH, MIIAHUPOBATh
paboTy Trpymnmbl, palMOHAIBHO PpACHpPEACHSITh ACATEIBHOCTh B HECTaHJIAPTHBIX
CUTyallusiX, OIEHMBATh BKJIaJ KaXJOr0 W3 YYaCTHUKOB TPYIIBI B pEIICHHUE
paccmaTpuBaeMoi mpo0JIeMbl;

OpOSIBIISATH ~ MOTHUBALIMIO K Oyaymed  npodeCCHOHAIBHOW — JI€ITENbHOCTH
0 CTIEIMATLHOCTSAM (DPU3UKO-TEXHUUECKOT'O MPOQPHIISL.
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10 KJIACC
HaumeHnoBanue
Ne KommuaectBo OCHOBHBIE BUJIBI JIEITEIbHOCTH
pa3iesioB U TEM [IporpammHoOeE conepkaHue
n/m 4acoB oOy4arommxcs

y4eOHOI0 ImpeIMeTa

Paznen 1. Hayuynbiii MmeTon i

O3HAHWS MPUPOABI

1.1

Hayunsbiit MmeToz
MTO3HAHUSI TPUPOJIbI

6

®duzuka — pyHaaMeHTaNbHas HayKa

o npupoze. Hayunsiit MmeTos mo3HaHUs
U METO/JIbI UCCIIEIOBAaHMS (PU3HUECKUX
SIBJICHUM.

DKCHEPUMEHT U TEOPUS B IIPOIIECCE
no3HaHus npupoel. Habmonenue

Y DKCIIEPUMEHT B (PU3HUKE.

CniocoObI nu3MepeHust GU3nIeCcKux
BEJIMYMH (aHAJIOTOBBIE U LIU(PPOBHIE
U3MEpHUTENbHBIE TPUOOPHI,

KOMIIBIOTCPHBIC TaTYUKOBBIC CI/ICTCMI)I).

[TorpemrHoctu u3MepeHN PU3NIECKUX
BeJIMYUH (a0COOTHAS U
OTHOCHUTEJIbHA).

MopenupoBanue GU3NYECKUX SBICHUN
U TIpOLIeCcCOB (MaTepuaabHas TOUKa,
a0COJIIOTHO TBEP/IOE TEJO, UcaTbHas
KMJIKOCTh, UACaJIbHBIM I'a3, TOUCYHBINA
3apsan). ['unoresa. @u3nyeckuii 3aKoH,

VYyactue B JUCKYCCUU O POJIH
(uznyeckoi Teopur B POPMUPOBAHUU
IPECTaBICHUN O (PU3NUECKON KapTUHE
MUpPa, MeCTe (PU3NUECKON KapTUHBI
MUpa B OOIIEM sy COBPEMEHHBIX
€CTECTBEHHO-HAY4YHBIX MPEICTABICHUI
0 MpUPOZE.

N3y4yeHne NOHATUI «TUMOTE3a,
«(puzundeckuii 3aK0H», «PU3nIecKas
TEOPUSD).

PaccmoTpenue rpanui] NpuMEHUMOCTH
($U3NYECKUX 3aKOHOB.

CpaBHEHHE U3MEPEHUN (PU3NUECKUX
BEJIMYMH IPU TOMOIIN aHAJIOTOBBIX

U IU(PPOBBIX U3MEPUTETBHBIX
npuOOpOB, HATIPUMED, IPU U3MEPEHUU
CWJIBI TOKA ¥ HAIPSKEHUSI B LIENU
MOCTOSIHHOT'O TOKa ITPH MOMOIIIH
aHAJIOTOBBIX U LIU(PPOBBIX
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TPaHUIIBI €70 TPUMEHUMOCTH.
duznueckas Teopus.

Ponb u Mmecto ¢pusuku B popmMupoBaHuu
COBPEMEHHOM HAYYHOU KapTHUHBI MUPA,
B IIPAKTUYCCKOMN JCSITCIILHOCTH JIFOICH

U3MEPUTENbHBIX TPHOOPOB.

OcBoeHue cnoco00B OLIEHKH
MOI'PELIHOCTEN U3MEPEHU .

OcBoeHHE OCHOBHBIX PUEMOB PaOOTHI
¢ uudpoBoit 1aboparopuei 1o Gusuke,
Hanpumep, Mpu U3MepeHU (PU3NIECKUX
BEJIMYMH MPU MTOMOIIY KOMITbIOTEPHBIX
JATYNKOB

Hroro 1o pazneny 6
Pa3zngen 2. Mexanuka
2.1 Kunemarnka 10 MexaHndeckoe OBUKEHHUE. [IpoBeneHrEe KOCBEHHBIX U3MEPEHUI

OTHOCHUTENBHOCTh MEXAHUYECKOT O
nerxkenus. Cucrema orcyera.

[Ipsimast u oOpaTHas 3a/1a4u MEXaHUKHU.
Paanyc-BekTop MarepualibHOM TOUKH,
€ro MPOEKIHUH HA OCH CUCTEMBI
KoopauHar. Tpaekropus.
[lepemenienue, CKOpOCTh (CpenHsist
CKOPOCTh, MTHOBEHHAs1 CKOPOCTb)

1 YCKOPEHUE MATEPUATILHOU TOYKH, UX
ITPOEKIIUH HA OCH CUCTEMBI KOOPJWHAT.
CrnoxxeHue nepeMenieHuil U CII0KEHHUE
CKOpPOCTE.

PaBHOMEpHOE U paBHOYCKOPEHHOE
MPSMOJIMHENHOE JIBUKEHHUE.
3aBUCUMOCTb KOOPJIMHAT, CKOPOCTH,
YCKOPEHUS U IyTU MaTepUAIbHOW TOYKH

MTHOBEHHOU CKOPOCTU U YCKOPEHHUS
Tesa, B TOM YHUCIIE YCKOPEHHUSI
CBOOOJTHOT'O TaJICHUS, TIPOBECHNE
UCCJIEIOBAHUS 3aBUCUMOCTEN MEXTY
bu3nuecKUMU BeIMYMHAMU (IyTH

OT BPEMEHH TTPH PaBHOYCKOPCHHOM
JBIDKCHUH, TIEpHOJ1a 0OpaIlleHHS
KOHUYECKOTO MasTHUKA OT €ro
MapaMeTPOB) U OIBITOB IO TTPOBEPKE
MPEJIOKEHHON TUTIOTE3bI

P U3y4EeHUN PAaBHOYCKOPEHHOTO
MPSIMOJTMHEHOTO ABUKCHUS, JBUKCHUS
Tena, OPOIIEHHOT O TOPU30HTAIILHO,
JIBMDKEHUS TeJia M0 OKPYKHOCTH

C IMMOCTOSTHHOM 10 MOAYJIKO CKOPOCTBIO.
Omnpenenenre abCOMOTHBIX
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OT BPEMEHU U UX IpapuKH.

CBoboaHoe nasieHue. Y CKopeHue
cBOOOIHOT'O MajcHus. [[BrkeHue Tena,
OpOIIIEHHOTO IO/ YIJIOM K TOPU30HTY.
3aBUCUMOCTh KOOPJIMHAT, CKOPOCTHU

1 YCKOPEHUS MaTepUuaIbHOW TOYKU

OT BPEMEHU U UX rpaduKH.
KpuBonuneitnoe neuxenue. J[BuxxeHue
MaTepHaIbHON TOYKH TI0 OKPY>KHOCTH.
YrnoBas u nuHENHas cKopocTh. [lepron
¥ 9acToTa oOpaIieHus.
LenTpocTpemutensHoe (HOPMaIbHOE),
KacaTeabHOE (TaHTeHIIUAIBLHOE)

Y TIOJIHOE YCKOPEHUE MaTepUaibHON
TOYKH.

TexHuyeckue ycTporucTBa

Y TEXHOJIOTMYECKUE MPOLIECCHI:
CIIUIOMETp, IBM)KCHUE CHAPSIOB,
LENHbIE, ECTEPEHYaThIe U PEMEHHbIE
nepesayu, CKOpOCTHbIE TU(THI

Y OTHOCUTEJBHBIX MOTPEIIHOCTEN
U3MEpEeHNN (PU3NUECKUX BEJIMYHH.
OueHkKa rpaHyl] TOTPEIHOCTEM.
M3ydeHue MoJIeau CUCTEMBI OTCUETA,
CpaBHEHUE IIyTEU, TPACKTOPUH,
CKOpOCTEH ABUKEHUSI OJTHOTO U TOTO K€
TeJa B Pa3HBIX CUCTEMAX OTCUETA.
AHanu3 pa3HbIX croco00B
VCCIICIOBAHUS IBUKCHUU.
Paccmotpenue npenesnbHOro nepexona
Y U3MEPEHNE MTHOBEHHOU CKOPOCTH.
MonaenupoBaHue npeoOpa3oBaHus
JBIKEHUI C UCIIOJIb30BAHUEM
MEXaHU3MOB, U3YUYCHHE
npeoOpa30BaHusl YIIIOBOM CKOPOCTH

B PEAYKTOPE.

AHaJIA3 HaIpaBJIEHUsI CKOPOCTH

IIPU IBH>KEHHUH 110 OKPY>KHOCTH.
Pemenue pacueTHsIX 3a/1a4 € ABHO
3aJITaHHOM U HESABHO 3aJIaHHOH
buznyecKoi MOIETBIO

C UCIOJIb30BAHMEM OCHOBHBIX 3aKOHOB
U (HOpMYJT KHHEMATUKH.

Pemienne kauecTBEHHBIX 3a/1a4,
TpeOyIOINX MPUMEHEHUS 3HAHU

110 KHHEMATHUKE.

OOBbsicHEeHUE YCTpOICTBa U PUHIUIIA
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JEUCTBUS CIIUJIOMETPA, IIEMHBIX,
HIECTEPEHYAThIX U PEMEHHBIX IIepeaady,
CKOPOCTHBIX JTU(TOB.

OObsicHEHUE NBI>KCHHS CHAPSJIOB.
Onpenenenne yCiaoBUd NIPUMEHUMOCTH
Mozener GU3NIeCcKuX Tea U MPoLeCCOB
(sBNIEHUI): MaTepUalIbHas TOUYKA,
PaBHOYCKOPEHHOE JBUKECHHUE,
CcBOOOZHOE MaJICHHUE.

Brimonnenne yaeOHbBIX 3a/1aHHMA

Ha aHaJIu3 MEXAaHUYECKUX MPOILIECCOB
(s1BTIEHUI) C UCTIOIB30BAHUEM
OCHOBHBIX IOJIOKEHUHN U 3aKOHOB
KMHEMATHUKU: OTHOCUTEIbHOCTh
MEXaHUYECKOTO JIBIXKCHHUS, (hOPM YIIbI
KMHEMATUKN PAaBHOYCKOPEHHOTO
JBUKEHUS, TpeoOpazoBanus [ anumnes
JUUISl CKOPOCTH M TIepEMEIIEHUS.
Hcnonb3oBanue IT-TrexHosnoruu

npu paboTe ¢ AOMOIHUTEIbHBIMU
MCTOYHUKAMU WH(OpMAITHH TI0 TeME,
VX KPUTUYECKUU aHAJIU3 U OLICHKA
JIOCTOBEPHOCTH

2.2

JlnHamuka

10

IlepBb1it 3ak0oH HproTOHA.
HNuepunaibHble CUCTEMBI OTCYETA.

[IpuHnmn otHocHuTenbHOCTH [ anunes.

HGI/IHepHI/IaJ'II)HBIe CHUCTCMBI OTCUCTA

[IpoBeneHre KOCBEHHBIX U3MEPEHUI
PaBHOJICUCTBYIOLIEH CUII

1 Kod(ppureHTa TpeHUs CKOJIbXKEHUSI,
MIPOBEICHUE UCCIIEOBAHUS
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(ompenenenue, IpUMEPHI).

Macca Tena. Cuna. [IpuHnun
CYNEpHO3ULIUH CUJL.

Bropoit 3akon HeroToHa

JUJT. MaTEpPUATIbHOU TOUYKHU.

Tpernit 3akoH HeroToHa

JUTSl MaTepUaIbHbIX TOYEK.

3aKOH BCEMUPHOI'O TATOTEHHUS.
DKBHUBAJIEHTHOCTh I'PaBUTALIHOHHON

Y NHEPTHOM MACCBL.

Cuina TsKecTH. 3aBUCHMOCTh YCKOPEHUS
CcBOOOHOIO ITaJIEHUS OT BBICOTBI

HaJl TOBEPXHOCTHIO MIJIAHETHI U

OT reorpauyecKkon MUPOTHI.
JIBrokeHre HeOECHBIX TEN U UX
CIYTHUKOB. 3akoHbl Keriepa.

IlepBas kocMHuuecKas CKOPOCTb.

Cuna ynpyroctu. 3akoH ['yka. Bec tena.
Bec Tena, qBHKYILIETOCS C YCKOPEHHUEM.
Cuna tpenusd. Cyxoe tpenue. Cuia
TPEHUS CKOJIbKEHUS U CUJIA TPEHUS
nokost. Koagdunuent tpenus. Cuna
COMPOTHUBIICHHUS ITPU ABUKEHHUU TEIIA

B JKUJIKOCTH WJIM Ta3e, €€ 3aBUCUMOCTb
OT CKOPOCTH OTHOCUTEIBLHOIO
JIBUKCHUSL.

Jasnenue. ['mapocrarnueckoe
nasienue. Cuna Apxumena.

3aBUCHUMOCTEN (PU3NUECKUX BEIUYHH
(cun ynpyrocTs, BOSHUKAIOIINX

B IIPYKUHE U PE3NHOBOM 00pasIle,

oT ux JaedopMaIii) U ONbITOB

10 MPOBEPKE MPENT0KEHHON TUIIOTE3bI
Y U3YYEHUU ABMKEHUS OpycKa

110 HAKJIOHHOM MJIOCKOCTH, ABMXKCHUS
CHCTEMBI CBSI3aHHBIX Tell, AepopManuu
TeJl.

Omnpenenerne aOCOMOTHBIX

Y OTHOCUTENBHBIX [TOTPEIIHOCTEN
U3MEpEHUN (PU3NUECKUX BEIUYHH.
OueHka rpaHul] IOTPEMIHOCTEM.
HccnenoBanve NBUKEHUS CUCTEMBI TEN,
CBSI3aHHBIX HUTBIO, IEPEKUHYTON Uepe3
JIeTKUi OJIOK, ABMKEHUS Opycka

10 HAKJIOHHOM TJIIOCKOCTH

C MepEMEHHBIM KO3(PPUIIMEHTOM TPEHUS,
JBUKEHUS IPy3a Ha Bajly C TPEHUEM.
HaOmronenue nBukeHUs Tein

B MHEPLUAIBHBIX 1 HEMHEPLUATIbHBIX
CHUCTEMax OTCUETa, HapUMeEp, KaueHUs
JBYX [WIMHAPOB WM IIapOB Pa3HOi
Macchl C OIMHAKOBBIM YCKOPEHUEM
OTHOCUTENBHO HENHEPLUATIbHOU
CUCTEMBI OTCYETA.

N3yuenne neHTpoOeKHbIX MEXaHU3MOB.
CpaBHeHUE CUJI TPEHUS MTOKOs1, KaueHUSI
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TexHuueckue ycTponucTBa

U TCXHOJIOTHYCCKHC ITPOUCCChI:

IIOAIIUITHUKH, IBMXKXCHHUC
HCKYCCTBCHHBIX CITYTHHKOB

U CKOJIbXKEHHS.
Perienne pacueTHbIX 3a/1a4 ¢ SIBHO
3aJaHHOI 1 HEIBHO 3aJJaHHOHN
bu3nuecKoi MOACIBIO

C UCIIOJIb30BAaHUEM OCHOBHBIX 3aKOHOB
1 HOpMYJT KHHEMATUKHU U THHAMUKHU.
Pelienrie kauecTBEHHBIX 3a/1a4,
TpeOYIONUX MPUMEHEHHS 3HAHUN

10 KHHEMATUKE U IMHAMHUKE.
OOBbsICHEHHE YCTPOMCTBA U MPUHLIUTIIA
NENCTBUS MOAIIUITHUKOB.

OOBsicCHEHHE NBUKEHUS UCKYCCTBEHHBIX
CITYTHUKOB.

Onpenenenre yCIoBU NTPUMEHUMOCTH
Mojenel (U3NYEeCKUX TeJ U MPOIECCOB
(ssBIEHUI): UHEpLIMAJIbHAS CUCTEMa
oTcuera, MaTepualibHas TOYKa,
a0COJIIOTHO ynpyras e opmMariusi.
Brimonnenne yaeOHbBIX 3a1aHHIMA

Ha aHAJIU3 MEXAaHUYECKHUX MPOIIECCOB
(sIBNIEHUI) C UCIIOIB30BAHUEM
OCHOBHBIX MOJOXEHUN U 3aKOHOB
JMHAMUKU: TpU 3aKoHa HproToHa,
MIPUHITUI OTHOCUTEIILHOCTH

["anuest, 3akOH BCEMUPHOTO
TATOTCHHUS.

Pabota B rpymnmax npu o0Cyk1eHuN
BOITPOCOB MEXITPEAMETHOIO XapakTepa
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(Hanpumep, 1o TeMe «JIBuxeHue
B [IPUPOJIE»)

2.3

CraTtuka TBEp0rO
Tela

AOCOIOTHO TBEPJOE TEINO.
[TocTynarenpHOE U BpalaTeabHOE
JIBUYKEHUE TBEPJIOro Tesia. MOMEHT
CHJIBI OTHOCUTEJIBHO OCH BpallCHHUSI.
IIneyo cunel. CoxeHUE CHII,
MPUJIOKEHHBIX K TBEPAOMY TEIY.
LlenTp TsxK€ECTH TENA.

YcnoBus PaBHOBCCHA TBCPAOI'O TCIIA.

YcronunBoe, HEyCTOMYHUBOE,
0e3pa3IMYHOe paBHOBECHE.
TexHuyeckue ycTporucTBa

Y TEXHOJIOTHYECKUE MTPOLIECCHI:
KPOHIITENH, CTPOUTENIBHBIN KpaH,
peneTryarbie KOHCTPYKIUU

[IpoBeneHue uccienoBaHus yCIOBUM
PaBHOBECHS TBEPAOTO TEJIa, UMEIOIIETO
OCh BpAIlIEHUs; KOHCTPYUPOBAHUE
KPOHILITENHOB U pacueT CUJI YIPYTrOCTH;
M3y4ECHUE YCTOMYMBOCTHU TBEPAOTO TENA,
VMMEIOILETO TUIOMAAb OMOPBI.

Pemenune pacueTHbIX 3a/1a4 € SIBHO
3aJITaHHOM 1 HESABHO 3aJIaHHOH
bU3UYECKON MOJIEIBIO

C MCIOJIb30BaHMEM OCHOBHBIX 3aKOHOB
1 (OpMYIT CTaTHUKH.

Pemenne kauecTBEHHBIX 3a/a4,
TPEOYIOIINX MPUMEHEHUS 3HAHUM

10 CTaTHKE.

OOBbsicHEHHE YCTPOHCTBA

Y IPUHIIUIIOB JEUCTBUS KPOHIITENHA,
CTPOUTEIILHOTO KpaHa, PeIIeTYaThIX
KOHCTPYKLIHM.

Omnpeznenenue ycIOBU TPUMEHUMOCTH
Mozene GU3MIECKUX Tel: aOCOFOTHO
TBEPIOE TEJIO.

Brimonnenue ydeOHBIX 3a1aHUI

HA aHAJIN3 MEXAHUYECKUX MPOILIECCOB
(sIBJIEHUI) C UCTIOJIB30BaHUEM
OCHOBHBIX TTOJIOKEHHMI 1 3aKOHOB
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CTAaTUKU: YCJIOBUA PaABHOBECHUS TBEPAOIO
TCJIa

2.4

3aKOHBI COXPAaHEHHUS B
MEXaHUKe

10

NmMnynbec MarepualibHONW TOYKH,
CUCTEMBbI MaTepUaibHbIX TOUeK. LleHTp
MacC CUCTEMbI MaTEPUAIbHBIX TOUEK.
Teopema o0 IBUKEHNHU LIEHTpa Macc.
NMnynbe cUIibl M1 UBMEHEHHUE UMITYJIbCA
Tena.

3aKOH COXpaHEHHS UMITYJIbCA.
PeaktuBHOE IBUXEHUE.

MOMEHT UMITyJIbCA MAaTEPUATILHON
ToukH. [IpencraBienne o coxpaneHUn
MOMEHTA UMITYJIbCA B IEHTPAIBbHBIX
TTOJISIX.

Pabota cuiibl Ha MaJIOM ¥ HA KOHEYHOM
nepemenienu. I'padudeckoe
MpeCTaBICHNE PAOOThI CUJIBL.
MOIIHOCTH CHUJTBI.

Kunernueckast sHeprusi MaTepualibHON
Touku. Teopema 00 U3MeHEHUU
KHHETUYECKOW SHEPIrUU MaTEpUAIbHOU
TOUKHU.

[ToTeHunabHbIE U HEMOTEHITUATBHBIE
cwibl. [loTeHIIManbHas SHEPrusl.
[loTeH1anbHast 3HEPTUs YIPYro
ne(OpMUPOBAHHON MPYKUHBI.
[ToTeHunanpHas SHEPrus Tena

[TpoBenieHre KOCBEHHBIX U3MEPEHUI
UMITYJIbCA T€JIa, KHHETUYECKON

Y OTEHLMAJIbHON YHEPTUU TeNa,
MOILIHOCTH CHJIBI; TPOBEJEHUE ONBITOB
10 MPOBEPKE MPETI0KEHHON THIIOTE3bI
IPY U3YYEHUHU PAaBHOYCKOPEHHOI'O
IPSMOJIMHEWHOTO IBUKEHUS

Y B3aUMOJICUCTBUS TEIL.

OmnpeneneHne abCOMOTHBIX

Y OTHOCUTENBbHBIX MOTPEIIHOCTEN
U3MEpEeHUN (PU3NUECKUX BEIUYHH.
OneHKa rpaHyl] NOTPELTHOCTEMN.
[IpoBeneHne dKCriepuMenTa

110 CPAaBHEHUIO U3MEHEHUS UMITYJIbCa
T€Na C UMITYJIbCOM CHJIbI, U3MEHEHUS
NOTEHIMAIbHON YHEPTUU MPYKUHBI

C pabOTOM CHUJIBI TPEHUSI.
HccnenoBanue coxpaHeHHsI UMITYJIbCA
IpU yIIPYTrOM B3aUMOJICHCTBHH,
COXPaHEHUs YHEPTUU NPU CBOOOTHOM
NEN (217178

Omnpenenenrie pabOThI CHIIBI TPEHUS
IIPU IBH>KEHHUH TeJla TI0 HAKJIIOHHOM
MJIOCKOCTH.

HaOmonenue u oobscHeHne
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B OZJJHOPOJAHOM T'PaBUTALlOHHOM IIOJIE.
[ToTeHManbHAs SHEPTUS TENA

B I'PABUTALMOHHOM I10JI€ OJTHOPOJIHOIO
mapa (BHyTpH U BHE 1I1apa).

Bropas xkocMuyeckas CKOpOCTb.
TpeTbs KOCMHUYECKAsi CKOPOCTb.

CBs13b paOOThI HEMTOTEHLUATIBHBIX CHJI
C U3MEHEHHEM MEXaHUYECKOU YHEPIrun
CUCTEMBI T€Jl. 3aKOH COXPaHEHUS
MEXaHUYECKOU IHEPTUH.

VYpyrue u HEyNpyrue CTOJIKHOBEHUS.
VYpaBHeHne bepHyIm 115 HIeIbHON
KUIKOCTH KaK CIJICACTBUE 3aKOHA
COXpPaHEHHS] MEXaHUYECKOW DHEPIHUU.
TexHuyeckue ycTporucTna

Y TEXHOJIOTMYECKUE MPOLIECCHI:
IBUKEHUE PAKET, BOAOMET, KOIIEP,
MPYXUHHBII TUCTOJIET, THPOCKOIL,
(urypHoe karaHue Ha KOHbKax

PEaKTUBHOI'O IBUKEHUS.
Pemienne pacueTHbIX 3a/1a4 € ABHO
3aJaHHON U HESIBHO 3aJlaHHOHU
bu3nuecKoi MOACIBIO

C UCIIOJIb30BAaHUEM OCHOBHBIX 3aKOHOB
U (HOpMYIT MEXaHUKH.

Pemenne kauecTBEHHBIX 3a/1a4,
TpeOYIOLUX MPUMEHEHHS 3HAHUN

110 MEXaHUKE.

OOBbsiICHEHNE NPUHLIUIIOB JEHCTBUS
BOJIOMETA, Komepa, MPy>KMHHOTO
MUCTOJIeTa, TUPOCKOIIA.

OObsiCHEHHE IBIXKCHHS PAKET,
burypHoro kaTaHusi Ha KOHbKaXx.
Omnpenenenne yclIoOBHIl TPUMEHUMOCTH
Mojenel (U3HNIEeCKUX TeJ U MPOIECCOB
(ssBNIEHU): aOCOMIOTHO yIIpyroe

1 a0COJIFOTHO HEYNPYTO€ CTOJKHOBEHUSI.
Brinmonnenue ydeOHbIX 3a1aHUI

Ha aHaJIM3 MEXAHUYECKUX TPOLIECCOB
(sSIBIEHUI) C UCTIOIB30BAaHUEM 3aKOHOB
COXpaHEHHS B MEXAHUKE: 3aKOHbI
COXPaHEHHS UMITYJIbCa U MEXaHUYECKOU
SHEPruu, CBA3b Pa0OTHI CUJIBI C
M3MEHEHHEM MEXaHUYECKOW SHEPruu
Tena.

Hcnonb3oBanue IT-TrexHosnoruu
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pu padoTe ¢ AOMOIHUTEIbHBIMU
HUCTOYHUKAMHU MH(POPMAIIMH TI0 TEME,
X KPUTUYECKUM aHAIU3 U OIICHKA
JIOCTOBEPHOCTH

Hroro no pazuneny

35

Paznen 3. MonekyasipHasi pU3UKA U TEPMOAMHAMUKA

3.1

OCHOBBI
MOJICKYJISIPHO-
KUHETHYECKOMN
TEOpUHU

15

OCHOBHBIE TOJI0KEHHS MOJIEKYJISIPHO-
kuHeTndeckor Teopun (MKT), ux
ombITHOE 0OocHOBaHue. [luddysus.
BpoyHoBcKkoe nBH:KEHUE. XapakTep
JBUKEHUS U B3aUMOJICHCTBUS YaCTHIL
BelecTra. Mozienu cTpoeHus ra3os,
AKUJKOCTEW U TBEPABIX TEN

1 00BSCHEHHE CBOMCTB BEIECTBA

Ha OCHOBE 3TUX Mojenen. Macca

Y pa3Mepbl MOJIEKYIT (aTOMOB).
KommnuecTBo BemiecTna.

[Tocrosanas ABoraspo.

TerutoBoe paBHOBecue. Temneparypa
u ciocoObI ee nu3mepenus. [llkana
temrneparyp Llenbcust.

Mopens naeanbHOro rasa

B MOJIEKYJIIPHO-KUHETUYECKON TEOPHU:
YacCTHUILIbI T'a3a JBHKYTCA XaOTUUECKH

Y HE B3aUMOJICHCTBYIOT APYT C IPYTOM.
['a30BbI€ 3aKOHBI. Y paBHEHUE
MenneneeBa—Knaneipona. AGcomoTHas

[IpoBenenue n3amMepeHni napaMeTpoB
ra3a, IIpoOBEJECHUE UCCIECAOBAHUIM
3aBUCUMOCTEN (PU3MUECKUX BEIUYUH

Y OMBITOB IO MPOBEPKE MPETIOKEHHOM
TUIIOTE3bl IPU U3YYEHUU YCTAHOBIICHUS
TEIJIOBOTO PABHOBECHS U U30MPOLECCOB
B razax.

Omnpenenenre abCOMOTHBIX

Y OTHOCHUTEJIbHBIX MOTPEIIHOCTEN
U3MEepeHU (HU3NYECKUX BEIIMUUH.
OueHka rpaHyl] HOTPEMIHOCTEM.
DKCIepUMEHTAIbHAs ITPOBEPKA
YPaBHEHHUS COCTOSIHUS U€aJIbHOIO ra3a.
N3yuenue monenen: JBUKEHNS YaCTHII
BEIECTBA, OPOYHOBCKOT'O IBUKEHUS.
onbita lllTepHa, KpUCTATITMYECKUX
PELIETOK.

Pemienune pacueTHbIX 3a/1a4 € ABHO
3aJJaHHOW U HESBHO 33JIaHHOMN
bu3nuecKoi MOICIBIO

C UCIOJIb30BAHUEM OCHOBHBIX 3aKOHOB
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Temrneparypa (IKajga TeMIeparyp
KenbBuna). 3akon JlanbToHa.
N3onporeccel B naeaabHOM rase

C IOCTOSIHHBIM KOJIMYECTBOM BEILIECTBA.
['padpuueckoe npencrasienue
M30IPOLIECCOB: U30TEPMa, U30X0Pa,
u3obapa.

CBs13b MEXKy 1aBIICHUEM U CPEHEN
KMHETUYECKOU dHEpruen
MIOCTYNATEIbHOr0 TEIIOBOTO ABUKEHUS
MOJIEKYJI U/I€AJIBHOTO ra3a

(OCHOBHOE ypaBHEHHUE MOJIEKYJIIPHO-
KUHETUYECKOW TEOPUU UJI€aTbHOTO
rasa).

CBs13b a0COIIOTHOM TEMIIEpPATypPhI
TEPMOJANHAMHUYECKON CUCTEMBI

CO CpEIHEN KUHETUYECKON dHEPTUEH
MOCTYMATEIBLHOrO TETUIOBOTO ABUKEHUS
€€ 4acTHll.

TexHn4yeckue yCcTpomucTBa

Y TEXHOJIOTMYECKUE TTPOLIECCHI:
TEPMOMETP, OAPOMETD, MOITYUEHHUE
HaHOMAaTepUasoB

1 (HOpMYIT MOJIEKYJISIPHON (DPU3HKU.
Pemienne kauecTBEHHBIX 3a/1a4,
TpeOYIOUUX MPUMEHEHHS 3HAHUN

M0 MOJICKYJIIPHOUN (U3HKE.
OOBbsicHEHHE YCTPONCTBA

Y TIPUHIINATIA ICUCTBUS TEPMOMETPA,
O6apomertpa.

OObsicHEeHHE MOTyYEHUs
HAaHOMAaTEepPUaJoB.

Omnpezenenue yCIOBU TPUMEHUMOCTH
Mojienel (PU3MIeCcKUx TeJ U MPOLIECCOB
(sBIEHUM): MOJIeNel Ta3a, KUJKOCTU U
TBEPAOrO (KpUCTAIIIMYECKOT0) TEJIA,
UJI€aIbHOTO Tra3a.

Brimonnenue ydeOHBIX 3a1aHUI

Ha aHaJIu3 TEIJIOBBIX MTPOLIECCOB
(SIBJIEHMIT) C UCTIOJI30BAHUEM
ocHOBHBIX nojoxxkeHnit MKT u 3akoHOB
MOJIEKYJISIpHOU (PU3UKH: CBSI3b J1aBJICHUS
UJCATBHOIO Ta3a Co CpeaHEN
KMHETHYECKOW SHEPTUEHN TEILIOBOTO
JBU>KCHUSI U KOHIIEHTpAIuen ero
MOJIEKYJI, CBSI3b TEMIIEPATYpPhI BELIECTBA
CO CpeHEW KMHETUYECKOU YHEPTUEN
TEIJIOBOTO JBUKEHHS €r0 YaCTHII,
CBS3b JIaBJICHUS UACATBHOrO Ta3a

C KOHIIEHTPALIMEN MOJIEKYJ U €r0
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TEMIIEPATYPOU, YPAaBHEHUE
MenneneeBa—Knanelipona

3.2

TepmonnHamuKka.
TertoBbIe MaIIMHBI

20

Tepmonunamuueckas (T/]) cucrema.
3ajaHue BHEIIHUX YCJIOBHI

JUIS. TEPMOJIUHAMHUYECKOU CUCTEMBI.
BHenrnue v BHyTpeHHUE TapaMeTphI.
[TapameTpsl TEpMOAMHAMUAYECKOU
CUCTEMBI KaK CpEHUE 3HAUECHUS
BEJIMYMH, ONUCHIBAIOIINX €€ COCTOSIHUE
Ha MUKPOCKOITUYECKOM YPOBHE.
HyneBoe Hayano TepMOIUHAMUKH.
Camonpoun3BoIbHAs PETaKCaLNs
TEPMOJIMHAMHUYECKON CUCTEMBI

K TEIJIOBOMY PaBHOBECHIO.

Moneins uaealbLHOro ra3a

B TEPMOJIMHAMUKE — CUCTEMA
YPaBHEHUU: ypaBHEHUE
Menneneea—Kaneitpona

Y BBIPAKECHUE JJIsI BHYTPEHHEN SHEPIUH.
VY ciioBus MPUMEHUMOCTH 3TOM MOJIEIIN
HU3Kas KOHUEHTpAIWs YaCTHL], BBICOKUE
TeMIeparypsl. BeipaxkeHne

IUIsl BHYTPEHHEN DHEPTUHU
OJTHOATOMHOTI'O MJICAJILHOTO Ta3a.
KBazucrarnueckue u HeCTaTUUECKUE
MPOLECCHI.

DOnemeHTapHas pabora

N3mepenne ynenbHON TEIIOEMKOCTH
pa3HBIX BEIIECTB, UX CPABHEHHE,
MPOBEICHHUE UCCIIEOBAaHUMN
3aBUCHMOCTEH (PU3HYCCKUX BEIIMUHUH

Y OIIBITOB IO MPOBEPKE MPEIIOKEHHOU
TUIIOTE3bI IPU U3YUYEHUHU MPOLIECCOB

TerI000MeHa U a,Z[I/Ia6aTHOI‘O Imponecca.

Omnpenenenne aOCOMOTHBIX

Y OTHOCHUTEJIBHBIX MTOTPEIIHOCTEN
U3MEpEeHNN (PU3NUECKUX BEIUYHH.
OrneHKa rpaHyl] HOTPELMTHOCTEMN.
N3y4yeHne B3aMMOCBSA3U DHEPTUHU
MEKMOJIEKYISIPHOTO B3aUMOJEHCTBHS
Y TEMIIEPATYpPbl KUIIEHUS KUIKOCTEH.
N3yuenue TemnoBbIX ABUTATENICH

C MCIOJIb30BAHUEM KOMITBIOTEPHBIX
MOJEJIEN.

HccnenoBanue pa3HbIX criocoO0B
V3MEHEHUS] BHYTPEHHEN SHEPIUU.
Pemenune pacueTHsIX 3a/1a4 ¢ ABHO
3aJaHHOUN M HEIBHO 3aJaHHOMI
bu3UYECKON MOJIENBIO

C UCIIOJIb30BAHUEM OCHOBHBIX 3aKOHOB
1 (HopMyN MOJIEKYJISIPHOU (PU3UKH

Y TEPMOJUHAMUKH.
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B TepMOAuHaMUKe. Brrunciienue
paboTsI 1o rpaduky mnpoiecca

Ha pV-nuarpamme.

Tennonepenaya kak cnocod U3MEHEHUSI
BHYTPEHHEHN DHEPIUU
TEPMOJAMHAMUYECKON CUCTEMBbI

0e3 coBepIleHUs pabOTHhI.

KonBekuus, TenaonpoBOgHOCTD,
M3JIy4EHUE.

KonnuecTBo TEMmIOTHI.

TeroeMKoCTh Tena. Y aenbpHas

Y MOJISIpPHAs TEINTIOEMKOCTH BEIIECTBA.
YpaBHeHnue Maiiepa. Y genbpHas TeIiora
cropanus TormBa. Pacuer konuyecTsa
TEIJIOTHI [IPU TEIJIONEPEaaye.
ITonsarue 06 aguabaTHOM IpoIiecce.
ITepBblil 3aKOH TEPMOJIUHAMUKH.
BuyrpenHsis sHeprus.

KonunuectBo TensioTel u pabora

KaK Mepbl U3BMEHEHUSI BHYTPEHHEN
SHEPIUuMu TEPMOJANHAMUYECKOM
CUCTEMBI.

BTopoii 3aK0H TEpMOINHAMUKHI

JUISl PABHOBECHBIX IIPOLIECCOB: YEPE3
3aJIaHHOE PABHOBECHOE COCTOSIHUE
TEPMOJANHAMHUYECKON CUCTEMBI
MIPOXOJIUT €IMHCTBEHHAs aauadara.

Pemenne kauecTBEeHHBIX 3a/1a4,
TPEOYIOIMX MPUMEHEHUS 3HAHUM

110 MOJICKYJIAPHOUN (U3HKe

1 TEPMOJIMHAMHUKE.

OOBsiCHEHHE YCTPOMCTBA U MPUHIIUIIA
JIEHCTBHS XOJIONUIIbHUKA,
KOHJIMIIUOHEPA, TU3ETHLHOrO

1 KapOIOpaTOPHOTO JABUTATENIEH,
apoBOM TYpOUHBI.

OOBsICHEHHE TIOTYYEHUSI CBEPXHU3ZKUX
TEMIEPATYP, YTUIU3AIUN «TETLITOBBIX)
OTXOJIOB C MCIOJIb30BAHUEM TEILIOBOT'O
Hacoca, yTHIM3allul OMOOpPraHudecKoro
TOIUTMBA ISl BIPAOOTKHU «TETUIOBOM»
Y DJICKTPOIHEPTUH.

Brimonnenue ydeOHBIX 3a1aHUI

Ha aHAJIN3 TEIUIOBBIX MPOLIECCOB
(SIBJIEHMIT) C UCTIOIB30BAHUEM
ocHOBHBIX TToyioskeHnii MKT u 3akoHOB
MOJICKYJISIPHOU (PUBHKU U
TEPMOJAMHAMUKHU: MEPBBIA 3aKOH
TEPMOJANHAMHUKH, 3aKOH COXPaHEHUS
SHEPIruu B TEIUIOBBIX MPOIECCaX.
Hcnons3oBanue IT-TexHonoruit

pu paboTe ¢ AOMOJHUTEILHBIMU
HMCTOYHUKAMHU WH(POPMAIINH TI0 TEME,
X KPUTHYECKUM aHAIU3 U OIICHKA
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AOconoTHas Temmeparypa.

BTopoii 3aKk0H TEpMOJIMHAMUKHI

JUIsl HEPAaBHOBECHBIX MPOLIECCOB:
HEBO3MOKHO MEPEIaTh TEIIOTY

oT 00JIee XOJIOMHOI0 Tela K 0oJjee
HarpeToMy 0e3 KOMIIeHCAIluu
(Knaysuyc). HeobpatumocTsb
NPUPOJHBIX MPOIECCOB.

[IpuHIUIIBI TEVCTBHS TEIUIOBBIX MAILIVH.
KITJI.

MakcuMmanbHoe 3HaueHue KII/I.

[uxn Kapno.

DKOJIOrMYECKHE aCTIEKTHI
WCIIOIb30BAHUS TEIJIOBBIX JIBUTATEIICH.
TeroBoe 3arpsi3HEHUE OKPYKaroLen
Cpelibl.

TexHuyeckue ycTponucTBa

Y TEXHOJIOTMYECKUE MPOLIECCHI:
XOJOJIUIIbHUK, KOHIUIIMOHED,
JIM3EIIbHBIA M KapOIopaTOpHbBIN
JBUTATEIN, TTapoBasi TypOuHa,
MOJIyYEHUE CBEPXHU3KUX TEMIIEpaTyp,
YTUJIN3ALMS «TETUIOBBIX» OTXOA0B

C UCIOJIb30BAHUEM TEILJIOBOTO HACOCA,
YTUJIM3AIKsS OMOOPTaHUYECKOT O
TOTUIMBA JIJIsl BRIPAOOTKHU «TETLIOBOI
U 3JIEKTPO3HEPTUH

JIOCTOBEPHOCTH.

AmHanu3 1 OlICHKA MOCJIeICTBUH
HCIIOJIb30BAaHUS TEIJIOBBIX ABUraTEIEH
1 TETIJIOBOT'O 3arpsA3HEHUS OKPYKAIOIICH
CpEIIbI C TTO3UIIMHA SKOJIOTHYECKON
0€30MMaCHOCTH; MPEACTABICHUM

0 paIMOHAILHOM TTPHPOIOIIO0IH30BaAHUN
(B mpoliecce moAroTOBKHM COOOIIEHHUH,
BBITIOJTHEHUH TPYTIIOBBIX TPOEKTOB)
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3.3

ArperarHasie
COCTOSIHMS BEILECTBA.
@da30BbIE TTEPEXOABI

14

[TapooOpa3zoBaHue U KOHACHCAIHS.
Hcnapenue u kunexnue. Y qeiapHas
TEIJI0Ta MapooOpa3oBaHUS.
HacpllieHHbIE U HEHACHIIIIEHHBIE TIAPBbI.
KauecTBeHHast 3aBUCUMOCTD IJIOTHOCTH
U JIaBJICHUS HACBIILIEHHOIO Mmapa

OT TEMIIEPaTypbl, UX HE3ABUCUMOCTh
0T 00b€Ma HACBIIIEHHOIO Tapa.
3aBUCUMOCTb TEMIIEPATYPbl KUIIEHUS
OT JIaBJICHUS B KUJIKOCTH.

BnaxuocTh Bo3ayxa. AGcoMOTHAS

Y OTHOCHUTEJIbHAS BIIAXKHOCTb.

TBepnoe teno. Kpucrammueckue

u amop(HbIe Tena. AHU30TPOIUS
CBOMCTB KpUCTAJUIOB. [[1aBnenue

U KpUCTAJUIM3aLMs. Y IeibHas TeIIoTa
riasneHus. Cyoaumanusi.
JHedbopmariuu TBEpIOTo Tea.
Pactsxenue u cxxatue. Casur. Moayib
IOnra. Ilpenen ynpyrux nedpopmarui.
TeruoBoe pacmIMpeHne KUAKOCTEN

Y TBEPABIX T€J, 00BEMHOE U JIUHEHHOE
paciupeHue. AHrapMOHU3M TETUIOBBIX
KoJieOaHUI YacTHUIl BEIIECTBA KaK
IPUYMHA TEIJIOBOTO PACIIMPEHHUS TEN
(Ha KAYECTBEHHOM YPOBHE).
[Ipeo6GpazoBanue sHEPrun B (Pa3zoBbIX

HaGmronenrie cBOMCTB HACBHIIIEHHBIX
MapoB, MaJbIX AehopMallnid,
MIPOBEICHUE KOCBEHHBIX U3MEPEHUI
yII€JIbHOW TEIIOTHI MIaBIEHUS JIb/IA,
abCOIOTHOM BJIaKHOCTH BO3/yXa,

ko3 puLieHTa MOBEPXHOCTHOT O
HaTshKeHus, Moayns FOHra.

N3ydeHne 3akOHOMEPHOCTEN MCTIAPEHUS
Y KUIIEHUS )KUJIKOCTEM, B TOM UHCIIE
KUIIEHUS MPU MOHWKEHHOM JIaBJICHUH,
HarpeBaHus U MJIABJICHUS
KPUCTAJUTMYECKOTO BEIIECTBRA,
KaNWUIPHBIX SIBIICHUI, CMAuMBaHHSI.
[IpoBeneHrEe ONBITOB C MBUIBHBIMU
MJIEHKaMHU.

HccnenoBanue monenu
HEHbIOTOHOBCKOM KUJIKOCTH.
Pelienrie pacueTHbIX 33124 C SIBHO
3aJITaHHOM U HESABHO 3aJIaHHOH
bu3nuecKoi MOAEIbIO

C UCIOJIb30BAHMEM OCHOBHBIX 3aKOHOB
U GopMyI MOJIEKYIISIpHON (DU3HKHU

U TEPMOJIVMHAMUKH.

Penienne kauecTBEHHBIX 3a/1a4,
TpeOYIOUUX MPUMEHEHHS 3HAHUN

110 MOJICKYJIAPHOUN (U3HKe

U TEPMOJNHAMHUKE.
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IepeEXoIax.
VYpaBHeHuUE TemI0BOro 6anaHca.
IToBEpXHOCTHOE HATSIKEHHUE.
KoaddurmeHnT moBepxHOCTHOTO
HaTspkeHUs. KanusuisipHele siBICHMUS.
JlaBjieHuE 1101 NUCKPUBIIEHHOM
NOBEPXHOCTBIO KUJKOCTH.

®opmyna Jlanmnaca.

TexHnueckne ycTpoucTaa

Y TEXHOJIOTUYECKHE MPOLECCHI: KUIKUE
KPUCTAJIJIbI, COBPEMEHHBIE MAaTEPUAIIBI

OOBsiCHEHHE OCHOBHBIX ITPUHIUIIOB
CTPOCHHUS KUIAKUX KPUCTAILIOB,
MOJIYYEHUS COBPEMEHHBIX MaTEPHUAIOB.
OmnpeneneHue yclIOBUl TPUMEHUMOCTH
Mozene GU3NIecKuX Teia U MPOLeCCOB
(sBNIEHUI): MoJIeTiel Ta3a, KUJIKOCTH

U TBEPJOTO (KPUCTAIIMYECKOT0) Tela,
UJI€aIbHOTO Ta3a.

Brimonnenne yaeOHbBIX 3a1aHHIMA

Ha aHaJiu3 TEIIOBBIX MPOILIECCOB
(sIBNIEHUI) C UCTIOIB30BAHUEM
ocHOBHBIX nojoxxkeHnit MKT u 3akoHOB
MOJIEKYJISIpHOU (PU3UKH U
TEPMOJANHAMHUKU: CBSI3b JABICHUS
UJICATIBbHOTO Ta3a ¢ KOHIIEHTpaluen
MOJIEKYJI U €T0 TEMIIEPATYPOH,
ypaBHeHre MeHnneneeBa—Kmanelpona,
MEePBBII 3aKOH TEPMOJAUHAMUKH.
Pabora B rpynmnax npu o0CyxJ1eHIUN
BOIIPOCOB MEXITPEAMETHOIO XapakTepa
(mammpumep, o Teme «TermmooOMeH

B YKUBOI IIPUPOJIE»)

Htoro mo pazaeny 49
Paznen 4. diekTpoauHaMuKka
4.1 | DaexkTpruyeckoe mojie 24 DJIEKTpHU3AIUs TEI U €€ MPOSBJICHHUS. [IpoBeneHEe KOCBEHHBIX U3BMEPEHUN 1

DnekTpruueckuit 3apsa. JIBa Buaa
AJIEKTPUYECKUX 3apsioB. [IpoBogHUKH,

OMBITOB IO MTPOBEPKE MPEIT0KEHHOM
TUIIOTE3bI IPU U3YUYEHUH
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JUAJICKTPUKH U TTOTYITPOBOTHUKH.
DJIEMEHTapHbIN AJEKTPUUECKUH 3aps/I.
3aKOH COXpaHEHUS FIEKTPUUECKOTrO
3apsja.

BzaumonericrBue 3apsaoB.

Toueunsle 3apanbl. 3akoH Kynona.
DnekTpuueckoe none. Ero neiicteue

Ha DJIIEKTPUUYECKUE 3aPSIbI.
Hanps>keHHOCTB 3JIEKTPUYECKOTO MOJIS.
[Tpobusiit 3apsn. Jlunuu
HaIpPS>KEHHOCTH 3JIEKTPUUECKOTO TTOJIS.
OIHOPOAHOE NEKTPUUECKOE TOJIE.
[ToTeHUHaIBHOCTH
AJIEKTPOCTATUYECKOro noJid. Pa3HOCTh
MOTEHI[MAJIOB U HAIPSIKEHHUE.
[ToTrenunaneHas HEprus 3apsaa

B DJIEKTPOCTATUUECKOM MOJIE.
[ToTeHuman 3JeKTPOCTaTUYECKOrO TOJIA.
CBs13b HAIIPSYKEHHOCTH TOJIS U Pa3HOCTU
NOTEHIMAJIOB JJIS 3JIEKTPOCTATUYECKOTO
noJist (Kak OJJTHOPOJIHOTO, TaK

Y HEOJHOPOJHOTO).

[IpyHIMD Cynepro3uun
BJIEKTPUYECKUX TTOJIEH.

ITone Toueuynoro 3apsaa. llosne
paBHOMEPHO 3apspKeHHOM cdepol. [Tone
PaBHOMEPHO 3apPsKEHHOTO TI0 00beMYy

B3aMMOJICHCTBUSI 3apSXKEHHBIX TE,
3aps/ia KOHAEeHcaTopa,
IOCJIEA0BATEIBHOIO COCIUHECHUS
KOHJICHCATOPOB.

Omnpenenenrie abCOMOTHBIX

U OTHOCHUTEJIbHBIX MOTPEIIHOCTEN
U3MepeHu (PU3NYECKUX BEIUYHH.
OueHka rpaHyl] HOTPELMIHOCTEMN.
Hab6nronenue npeBparieHus: sHEpPrun
3apsPKEHHOTO KOHJIEHCATOPa B SHEPTHIO
W3JIyYEHHS] CBETONOIA, UCCIICIOBAHUE
paspsiga KOHAEHCATOpa Yepe3 Pe3UCTop.
N3yuenue 3aBUCUMOCTH
AIIEKTPOEMKOCTH IIJIOCKOIO
KOHJIEHCATOpa OT IUIONIaAH JIaCTHH,
PAcCTOSIHUS MEXKy HUMU

Y IUDJIEKTPUUECKOU TPOHULIAEMOCTH.
N3yuyenue KapTUH JINHUN
HaIPSYKEHHOCTH DJIEKTPUYECKOTO TOJIS
TOYEYHOT0 3apsiJa, PABHOMEPHO
3apsKEHHOM cpephl, paBHOMEPHO
3apsHKEHHOr0 0 00beMY I1apa,
PaBHOMEPHO 3apsHKEHHON OECKOHEUHOM
MJIOCKOCTHU Y SKBUIIOTEHIIMAIbHBIX
IIOBEPXHOCTEM.

Pemienue pacueTHsIX 3a/1a4 € ABHO
3aJaHHON U HESIBHO 3aJlaHHOMN
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mapa. [lone paBHOMEPHO 3apsiKEHHOU
OeckOoHEeUHOM TIocKocTU. KapTuHsl
JIMHUM HANPSIKEHHOCTH 3TUX TOJIEH

K OKBUIIOTCHIINAJIBHBIX HOBerHOCTeﬁ .

[IpOBOJHUKH B 3JIEKTPOCTATUYECKOM
noJie. Y cloBUE paBHOBECHS 3apsJIOB.
JIMDIIEKTPUKH B JIEKTPOCTATHYECKOM
nose. J{usnexkrpuyeckas
IIPOHUIIAEMOCTh BELIECTBA.
KonpaencaTop. D1eKTpOEeMKOCTb
KOHJIEHCATOpa. DJIEKTPOEMKOCTh
IJIOCKOT'0 KOHJIEHCATOPA.
[TapannenpHOE COETMHEHHE
KOHJIEHCATOPOB.

[TocrenoBaTenbHOE COEAMHEHUE
KOHJIEHCATOPOB.

DHeprus 3apsHKeHHOr0 KOHJIEHCATopA.
JIBr>KeHue 3apsyKEHHON YaCTULbI

B OJTHOPOZAHOM JJIEKTPUYECKOM II0JIE.
TexHn4yeckue yCcTpomucTBa

Y TEXHOJIOTMYECKUE MTPOLIECCHI:
AIEKTPOCKOII, AIEKTPOMETD,
ANEKTPOCTATUYECKAs 3allNUTA,
3a3eMJIEHHUE JIEKTPONPUOOpPOB,
KOHJICHCATOPBbI, T€HEPATOP

Ban ne ['paada

bu3UYECKON MOJIENBIO

C UCIIOJIb30BAHMEM OCHOBHBIX 3aKOHOB
U (HOpMYIT DIIEKTPOCTATUKH.

Penienne kauecTBEHHBIX 3a/1a4,
TPEOYIOIINX MPUMEHEHHUS 3HAHUM

IO DJICKTPOCTATHKE.

OObsicHEHHE YCTPONCTBA

Y MIPUHLNINA JAEUCTBUS AJIEKTPOCKOIA,
AIEKTPOMETPA, KOHAECHCATOPOB,
rereparopa Ban ne ['paada.
OOBbsicHeHnue padboThI
3JIEKTPOCTATUYECKOM 3aIUTHI,
3a3eMJICHUS AJIEKTPONPUOOPOB.
Omnpenenenue yclIoOBHl TPUMEHUMOCTH
Mozene GU3NISCKUX Te: TOUCUHBIN
3apsji, OHHOPOIHOE JIEKTPHUUECKOE
ToJIE.

BrlinonHnenue yueOHbIX 3a1aHUM

Ha aHaJIM3 JIEKTPUUECKUX ITPOLIECCOB
(sSIBJIEHUI) C UCIIOJIB30BaHUEM
OCHOBHBIX MMOJIOKECHUHN U 3aKOHOB
AIEKTPOIMHAMUKU: 3aKOH COXPaHEHHUS
3JIEKTPUYECKOTO 3apsia, 3akoH KyioHa,
MOTEHIIUATILHOCTh
ANEKTPOCTATUYECKOTO MOJISA, PUHIIUIT
CYIIEPIO3UIINH SJICKTPUUECKUX TTOJIEH.
Hcnonb3oBanue IT-TrexHosnoruu
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pu padoTe ¢ AOMOIHUTEIbHBIMU
HUCTOYHUKAMHU MH(POPMAIIMH TI0 TEME,
X KPUTUYECKUM aHAIU3 U OIICHKA
JIOCTOBEPHOCTH

4.2

[TocTossHHBIN
AJIEKTPUYECKUN TOK

24

Cwuna toka. [1oCTOSHHBIN TOK.
VYcnoBus cyniecTBOBaHUs MOCTOSTHHOTO

QJICKTPUYICCKOI'O TOKaA. HcTouHuku TOKA.

Hanpspxenne U u DJIC E.

3akon Oma 1Jid y4acTKa LenH.
DNEKTPUYECKOE COMPOTUBIICHHUE.
3aBUCUMOCTH COITPOTHBIICHUS
OJTHOPOJTHOT'O TIPOBOJHUKA OT €r0
JUTMHBI U TUIOIIA/IH TOTIEPEUHOTO
CeueHus. Y AeTbHOE COMPOTUBIICHHUE
BEIIIECTBA.

[TocnenoBaTenpHOE, MapaieabHOE,
CMEIIIaHHOE COeTMHEHNE POBOTHUKOB.
Pacuer pa3BeTBICHHBIX IIEKTPUUECKUX
neneit. [Ipasmma Kupxroda.

Pabora snmekTprueckoro Toka.

3akoH [[xoynsa-Jlenua.

MOIIHOCTE ANEKTPUYECKOTO TOKA.
TermoBast MOIIHOCTG, BhIIEIIsIEMast

Ha Pe3UCTOope.

OJ1C v BHyTpeHHEE COIPOTHUBIIEHUE
MCTOYHMKA TOKa. 3aKkoH OMa

JUTSL TIOJTHOM (3aMKHYTOM )

[IpoBeneHue NpsIMbIX U3MEPEHUN CUIIBI
TOKA U HAIPSHKEHUS, KOCBEHHBIX
U3MEPEHUH yJIeIbBHOTO COMPOTUBIICHHUS,
OJ1C 1 BHYTPEHHETO CONPOTUBIICHUS
VMCTOYHUKA TOKA, IPOBEJICHHE
HCCJIEOBAHUI 3aBUCUMOCTEN
(bu3MUEeCKUX BETMYUH U OMBITOB

10 IPOBEPKE MPEAIOKEHHON TUTTOTE3bI
[IPU U3YYEHUU LIETIEH TOCTOSHHOTO
TOKa.

Omnpenenenrie abCOMOTHBIX

Y OTHOCHUTEJIbHBIX MOTPEIIHOCTEN
U3MepeHn (PU3NIECKUX BEIIUYNH.
OueHka rpaHul] TOTPENTHOCTEM.
N3y4yeHne KOpOTKOro 3aMbIKaHUS
raJIbBAaHUYECKOr0 3JIEMEHTA U OLIEHKA
BHYTPEHHET'O COIPOTUBIICHUS.
Pemenune pacueTHsIX 3a/1a4 ¢ ABHO
3aJaHHOUN M HEIBHO 3aJaHHOMI
bu3UYECKON MOJIENBIO

C UCIOJIb30BAHMEM OCHOBHBIX 3aKOHOB
1 (hOpMYyI MMOCTOSTHHOT'O TOKA.
Pemienne kauecTBEHHBIX 3a/1a4,

57



denepanpHas padouas nporpamma | dusuka. 10-11 kinaccer (yriayOJIeHHBIH YPOBEHB)

BJIEKTPUYECKON 1enu. MOITHOCTh
HUCTOYHUKA TOKa. KOpoTKOe 3aMbIKaHUE.
Konzaencarop B nienu nocTostHHOro
TOKa.

TexHu4eckue yCcTponcTBa

Y TEXHOJIOTUYECKUE MTPOLIECCHI:
aMIIEpMETp, BOJIBTMETP, PEOCTAT,
CUYETUYMK DJIEKTPUUECKON IHEPTUU

TPEOYIOMINX MPUMEHEHUS 3HAHUM

Y 3aKOHOB TIOCTOSIHHOTO TOKa.
OObsicCHEeHHE YCTPONUCTBA U MPUHITUTIA
JEUCTBUS aMIIEpMETPa, BOJIBTMETPA,
peoctaTa, CYeTUMKA IIEKTPUUECKOU
SHEPruu.

Brinmonnenue ydeOHbIX 3a1aHUI

Ha aHaJIM3 JIEKTPUUECKUX ITPOLIECCOB
(sIBIEHUI) C UCTIOIB30BAHUEM
OCHOBHBIX MOJIOKEHUHN U 3aKOHOB
ANEKTPOJIMHAMUKU: 3aKOHBI OMa

JUISL y9acTKa LENH U ISl 3aMKHYTOMN
AIEKTPUUYECKOM LIETH, 3aKOH
Jxoyns—Jlenna.

Pabota B rpymnmax npu o0CyXaeHun
BOIIPOCOB MEXITPEAMETHOIO Xapakrepa
(HanpuMep, Mo TeMe «IJEKTPUIECKUe
SIBJICHUS B IPUPOJICH)

4.3

Toku B pa3IuuHbBIX
cpenax

DnexkTpudecKas MpoBOJIUMOCTh
pa3IMYHBIX BELIECTB. DJIEKTPOHHAS
IPOBOJAMMOCTB TBEPJBIX METAJIIOB.
3aBUCUMOCTB COITPOTHBIICHUSI METAJIIIOB
oT TeMriepaTypbl. CBEpXIPOBOAUMOCTb.
DJIEKTPUYECKUN TOK B BAKyyMeE.
CBOICTBA DIEKTPOHHBIX ITYYKOB.
[TonynpoBoguuku. CoOcTBeHHAs

Y IIPUMECHAs! TPOBOJAMMOCTD

[IpoBeneHrne KOCBEHHBIX U3BMEPEHUN U
WCCIIEOBAHUN 3aBUCUMOCTEN

Mexay GU3NUYECKUMU BETUUMHAMU
IIPU U3YYEHUU MPOLIECCOB MPOTEKAHMS
3JIEKTPUYECKOr0 TOKA B METaslIax,
3JIEKTPOJIATAX U MOJIYIIPOBOIHUKAX.
Omnpenenenrie abCOMOTHBIX

Y OTHOCUTEJIbHBIX MOTPEIIHOCTEN
U3MepeHn (PU3NIECKUX BEIUYNH.
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MOJIYyNPOBOAHUKOB. CBOMCTBA
p-n-nepexoxna. [lonynpoBOgHUKOBBIE
puOOPHI.

DJIEKTPUUECKUN TOK B JIEKTPOJIUTAX.
DNEeKTPOTUTUYECKAS TUCCOLIHAITHS.
Onektponu3. 3akonsl Dapanes

IUTS1 DJIEKTPOJIN3a.

DJIEKTPUYECKUN TOK B Ta3ax.
CamocTosTeNbHbII

Y HECAaMOCTOSTEIbHBIN pa3psi.
PaznuuHbie TUIIBI CAMOCTOSTEIBHOTO
paspsaa. Monuus. [1na3zma.
TexHuyeckue ycTporucTBa

Y MIPAKTUYECKOE TPUMEHEHHE:
ra3opa3ps/IHbI€ JaMIIbl, JJIEKTPOHHO-
nmy4yeBas TpyOKa, MOIyIpOBOIHUKOBBIC
MpUOOPBL: U0, TPAH3UCTOP,
dboToaMO, CBETOANO, TaIbBAHHUKA,
paduHUpOBaHUE MEU, BHIILJIABKA
AITFOMHHUS, DJIEKTPOHHAs MUKPOCKOITHS

OrneHkKa rpaHyl] HOTPELTHOCTEMN.
HaGuroienue snextposmsa, u3yueHue
U 00BSICHEHHE TPOBOJIMMOCTH
AJIEKTPOJIUTOB, SKCIIEPUMEHTAIILHOE
W3Y4YEHHE 3aKOHOB DJIEKTPOIN3a
QDapanes.

CHATHE BOJIBT-aMIIEPHON
XapaKTEPUCTUKU THOAA.

CpaBHEHUE TPOBOJAMMOCTH METAIIIOB
Y TTOJIYITPOBOIHUKOB.

N3y4yeHne uCKpoBOro paspsaa

Y IIPOBOJIUMOCTH BO31yXa.

Pemrenne pacueTHbIX 3a/1a4 ¢ IBHO
3aJaHHON U HESIBHO 3aJlaHHOU
bu3nuecKoi MOACIBIO

C UCIIOJIb30BAHUEM 3aKOHOMEPHOCTEN
ITOCTOSTHHOTO TOKA B PAa3JIMYHBIX CpeAax.
Penienne kauecTBEHHBIX 3a/1a4,
TPeOYIOINX IPUMEHEHMUS
3aKOHOMEPHOCTEW IOCTOSTHHOT'O TOKa
B Pa3JINYHBIX CpEaax.

OOBbsiICHEHHE YCTPOMCTBA U PUHLIUTIIA
JENCTBUS ra30pa3psIHbIX JIAMIL,
3JEKTPOHHO-IIY4€BOU TPYOKH,
IOJTYIIPOBOJHUKOBBIX MPUOOPOB: TM0/1a,
TpaH3uCTOpa, (OTOANOA, CBETOINO/A.
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OOBbsICHEHHE CYTH IIPOLIECCOB:
rajlbBaHuKH, paQpUHUPOBAHUSI ME/IH,
BBITUIABKY AIIFOMUHUS, 3JIEKTPOHHON
MUKPOCKOIIUHU

Hroro no paszneny

54

Pasznen S. ®uznyecKnil NPaKTUKYM

5.1 | ®usnueckuit 16 Cnoco6s1 n3MepeHust GU3nIECKuX [IpoBeneHre KOCBEHHBIX U3MEPEHUH,
MPAaKTUKYM BEJIMYUH C MCIIOJIb30BAaHUEM UCCIIEZIOBAHUN 3aBUCUMOCTEH

AHAJIOTOBBIX M MU(POBBIX (bU3HYEeCKIX BETUWINH, TIPOBEPKA
M3MEPUTEIHHBIX TPUOOPOB MIPEITIOKEHHBIX THIIOTE3
1 KOMITBIOTEPHBIX TATYUKOBBIX CUCTEM. | (BBIOOD M3 paboT, ONMMCAHHBIX
AOGCOIIOTHBIE U OTHOCUTEJIbHBIC B TEMAaTUYECKUX pa3zieniax
MOTPEITHOCTH UBMEPEHUM PU3NYECKUX | «YUCHHUECKUH SKCIIEPUMEHT,
Benu4uH. OLIeHKa rpaHull nabopaTopHbie pabOThI, MPAKTUKYM))
[IOrPEITHOCTEN

Hroro no pazaeny 16

PesepBHOE Bpemst 10

OBIIEE KOJIMYECTBO 170

YACOB I10 ITPOIT'PAMME

60



denepanpHas padouas nporpamma | dusuka. 10-11 kinaccer (yriayOJIeHHBIH YPOBEHB)

11 KJIACC
HanmenoBanue
Ne KonmaecTBo OCHOBHBIE BUJIBI JICITEIbHOCTH
pa3nesoB U TEM [IporpammHoOe conepxaHue
n/m 4acoB oOy4aromuxcs

y4eOHOI0 IIpeIMeTa

Paznen 1. DaekrponuHaMuka

1.1

MarsuTHOE 110J1€

14

B3anmopericTBre nOoCTOSTHHBIX
MarHuTOB U MPOBOJHUKOB C TOKOM.
MarunutHoe nosie. BeKTop MarHuTHOM
uHayKuud. [IpyHomn cynepno3unun
MAarHUTHBIX NOJIEW. JINHUKM MarHUTHOU
WH]TYKIIAH.

MarauTHOE MoJje MPOBOJHUKA C TOKOM
(TIpsIMOTO TIPOBOTHUKA, KATYIIKU

U KpyroBoro BuTka). OneIT Dpcrena.
Cuna Amniepa, ee HalIpaBJICHUE

Y MOZYJb.

Cuna JlopeHiia, ee HanpaBJeHUE

Y MOAyJIb. [[BH>KeHUE 3apsyKeHHOU
YacTULBI B OAHOPOJHOM MarHUTHOM
nosie. Pabora cunel Jlopenia.
MarHuTtHoe€ 1ojie B BEUIECTBE.
deppoMarHeTukKu, rnapa-

Y TMaMarHeTUKHU.

TexHnueckne ycTpoucTBa u
TEXHOJIOTMYECKUE MPOLIECCHI:
MIPUMEHEHUE TTOCTOSIHHBIX MAarHUTOB,

IIpoBeneHre KOCBEHHBIX U3MEPEHUI
cuibl AMIiepa, MpOBEACHUE
UCCIIEI0BAHUS 3aBUCUMOCTEN MEXAY
(¢u3NYECKUMU BEIMYMHAMU U OIIBITOB
10 IIPOBEPKE MPEI0KEHHON TUIIOTE3bI
IIPU U3yYEHUU JEHUCTBUS MOCTOSHHOTO
MarHuTa Ha paMKy C TOKOM,
B3aMMOJICHCTBUS MPOBOIHHUKA

C MarHUTHBIM TOJIEM.

Omnpenenenne abCOMIOTHBIX

Y OTHOCUTENBHBIX OTPEMIHOCTEN
M3MEpEeHUI (PU3NUECKUX BEIUYHUH.
OneHka rpaHui] NOrpelHOCTEMH.
HccnenoBanne MarHUTHOTO HOJIS
IIOCTOSIHHBIX MarHUTOB, CBOMCTB
(beppOMarHeTHKOB.

Omnpenenenue ycaoBU IPUMEHUMOCTH
MOJIEJIM OJTHOPOAHOIO MAarHUTHOTO
TOJIS.

OnpeneneHue HanpaBIeHUsS HHAYKIIUH
MarHUTHOTO MOJIsl IPOBOAHUKA C TOKOM,
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AJIEKTPOMArHuTOB, TECTEP-MYIbTUMETP,
ANEKTpoBUTaTENb SIKOOHU, YCKOPUTEIH
AJIEMEHTApPHBIX YaCTHUII

cuibl Amnepa u cuibl JlopeHna.
N3yuenue kapTUHbI JIMHUN UHAYKIUN
MarHuTHOTO TMOJISI TTOJIOCOBOTO

1 TTOJKOBOOOPA3HOTO MOCTOSHHBIX
MAarHMUTOB, IJTMHHOTO MPSMOTO
MPOBOAHUKA, 3aMKHYTOT'O KOJIBIIEBOTO
MPOBOIHUKA, KATYIIIKUA C TOKOM.
OOBsiCHEHHE B3aMMOICHCTBHUSA JIBYX
MIPOBOJIHUKOB C TOKOM, JICUCTBUS CUJIBI
JlopeHuia Ha MOHBI ANEKTPOIUTA.
HaOmonenue nBryKeHUS myvKa
3JIEKTPOHOB B MAarHUTHOM TIOJIE.
N3ydyeHune npuHOMIIA 1EHCTBUS
AJICKTPOM3MEPUTEIILHOTO prbopa
MarHUTORJIEKTPUUECKON CUCTEMBI.
Pemenue pacueTHbIX 3a71a4 € SIBHO
3aJlTaHHOM U HESIBHO 3aJIaHHOM
(huzuYecKor MOJIEIbIO

C UCIIOJIb30BAHMEM OCHOBHBIX
3aKOHOB U (DOPMYII 110 TEME
«MarauTHoO€ 1oJae».

Pemenre kauecTBEHHBIX 3aa4,
TpeOyIONIUX NPUMEHEHUS 3HAHU I

1o TeMe « MarHuTHOE MoJIe».
OOBsiICHEHHE YCTPOMCTBA U MPUHITUTIA
JEUCTBUS DJIEKTPOMarHuTOB, TECTEpa-
MYJIbTUMETPA, SJIEKTPOABUT AT
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SlkoOu, yckopuTeseit 3eMeHTapHbIX
YaCTHII.

OObsicHEeHUE TPUMEHEHUS TTOCTOSTHHBIX
MarHuTOB

1.2

DNeKTpOMarHuTHast
WHIYKIAS

13

SIBiIeHUE PIEKTPOMArHUTHOW UHIYKIIUU.
[ToTok BeKTOpa MarHUTHOM WHAYKIWH.
OJ1C unaykuuu. 3akoH
AJeKTpOMarHuTHoi uuaykuuu dapanes.
Buxpeoe anekrpuueckoe nose. Toku
dyko.

OJIC nHayKUIUHA B TPOBOJHUKE,
JBHOKYILIEMCS B OTHOPOJTHOM
MarHuTHOM MOJIE.

IIpaBuiio Jlenna.

NunyktuBHOCTH. Karymika
WHAYKTUBHOCTH B LIENU IMOCTOSHHOTO
Toka. SIBnenue camounaykuuu. JJ1C
CaMOMHIYKIIHH.

DHeprus MarHUTHOTO TOJISI KaTyIIKU

C TOKOM.

DJIEKTPOMAarHUTHOE TOJIE.

TexHn4yeckrue ycTponcTBa

Y TEXHOJIOTHYECKUE MPOLIECCHI:
WHAYKIMOHHAS 1€4b, COJICHOU, 3aIlINTa
OT JJICKTPU3ALAM TEN IPU JBUKEHUH

B MarHUTHOM TT0JI€ 3EMJIU

[IpoBenenue uccaemoBaHus
3aBUCUMOCTEH (PU3HUECKUX BEIIMYNUH

Y ONBITOB MO MPOBEPKE MPEITIOKEHHOM
TUIIOTE3bl IPU U3YUYECHUU SIBJICHUS
AJIEKTPOMArHUTHOM UHIYKIIMH.
OrnpeneneHne HHIYKIIMA BUXPEBOTO
MarHUTHOTO TTOJIS.

Omnpenenenne abCOMIOTHBIX

Y OTHOCUTEJIbHBIX MOTPEIIHOCTEN
M3MepeHui (PU3nUecKux BEIUYMH.
OrueHka rpaHuI] MOrPeIIHOCTEN.
DKCNEePUMEHTAIbHOE U3YUYECHHUE MPaBUJIa
Jlenna.

UccnenoBanue siBIEHUSI CAaMOUHIYKIUH,
3aBucumMoctu I /]C camonHIyKINU

OT CKOPOCTH U3MEHEHHUS CUJIBI TOKA

B IICTIH.

N3yuenue najgeHusi MaruuTa

B aJIFOMUHUEBOU (MEIHOM) TpyOe.
COopka MOoJIenH JIEKTPOMarHuTHOTO
reHeparopa.

Pemienne pacueTHbIX 3a/1a4 ¢ SIBHO
3aJaHHON 1 HESIBHO 3aJlaHHOM
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(buznYecKor MOJIEIbIO

C MCIOJIb30BAHUEM OCHOBHBIX 3aKOHOB
U GhopMya MO TeMe «DIEKTPOMarHUTHAs
WHTYKLIHS.

Pelenne kauecTBEHHBIX 3a/1a4,
TpeOYIOLUX MPUMEHEHHS 3HAHUI

o TemMe «IJEKTPOMArHuTHas
VUHIYKLAS.

OOBbscHEHNE OCHOBHBIX MTPUHIIUIIOB
JNEUCTBHS TEXHUYECKUX YCTPOUCTB

Y TEXHOJIOTMYECKUX MPOLECCOB, TAKUX
KaK: MHIYKI[MOHHAS I€Yb, COJICHOUI,
3aIUTa OT 3JEKTPU3ALNH TEI

IIPYU IBM>KEHUHM B MArHUTHOM I10JIE
3eMIIH.

PaGota B rpymmax npu o06CyXIeHUU
BOIIPOCOB MEXITPEIMETHOIO XapaKTepa
(Hanpumep, Mo TeMe
«IJEKTPOMAarHUTHbHIE SBJICHUS

B IIPUPOIE»)

Hroro 1o pazneny 27

Pa3znen 2. Kosredoanus 1 BOJTHBI

2.1 Mexannueckue 10 KonebarenpHas cucrema. [IpoBeneHne KOCBEHHBIX U3MEPEHUH,
KoJIeOaHUs CBobOoaHbIE KOJIEOaHUS. VICCJIEI0BAHUSI 3aBUCUMOCTEN MEXIY

FapMOHI/ILISCKI/IC KoJIeOaHHSI.
Kunematuueckoe u JAUMHAMHUYCCKOC
OIINCaHHuC. 3HepFeTI/ILIeCKO€ OIIMCaHUC

(U3HMYECKUMU BETUYMHAMU U OIBITOB
10 TIPOBEPKE MPEMIOKEHHON TUITOTESbI
MIpY U3y4eHUHU KOJIeOaHUM HUTSHOTO
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(3aKOH COXpaHEHUsI MEXaHUYECKOMN
sHepruu). BeiBoa TMHAMIYECKOTO
ONKCAHMS TAPMOHUYECKUX KOJICOaHH I
13 UX SHEPreTUYECKOro

Y KHHEMaTU4YECKOI'0 OMMCaHMUS.
Ammutyna u ¢aza konebanuil. Cs3b
aMILUTUTY/Ibl KOJIEOAHUM UCXOTHOM
BEJIMYMHBI C aMIUTUTYAaMU KoseOaHun
€€ CKOPOCTH U YCKOPEHHUH.

[lepuon u yactora KosieOaHUil.
[lepron ManpIx cBOOOTHBIX KOJIEOAHUN
MaremaTudeckoro masitHuka. [lepuon
CBOOOIHBIX KOJIEOaHU MPY>KUHHOTO
MasITHUKA.

[TonsiTHe 0 3aTyxaroumx KOJIeOaHUIX.
Breinyxnennbie konebanus. Pesonanc.
Pe3onancnas kpuas. BnusHue
3aTyXaHUs Ha BUJI PE30HAHCHOU KPUBOM.
ABTOKOJIE0aHMS.

TexHn4yeckue yCcTpomucTBa

Y TEXHOJIOTMYECKUE MTPOLIECCHI:
METPOHOM, Yachl, KaueJil, MYy3bIKaJIbHbIC
MHCTPYMEHTHI, ceficmorpad

Y MPY>KUHHOTO MassTHUKOB,
BBIHYKJICHHBIX M 3aTyXalOIIHUX
MEXaHUYECKUX KOJeOaHHUiA.
Omnpenenenne abCOMIOTHBIX

1 OTHOCHUTEJIHbHBIX IMOTPEITHOCTEH
M3MepeHui PU3NUeCKuX BEIUYMH.
Or1ieHKa rpaHUI] TOTPEITHOCTEH.
HabmroieHre He3aBUCUMOCTH TTeprojia
MaJIbIX KoJIeOaHUid Tpy3a Ha HUTH

OT aMIUTUTY/IbI.

DKCIepUMEHTaIbHAs TPOBEPKA 3aKOHA
COXpaHEHHUsSI IHEPTUM NPU KOJICOAHUSIX
rpy3a Ha Mpy>KUHE.

Hab6monenne pezonanca.
Ornpenenenue yCaoBUM TPUMEHUMOCTH
MO MaTeMaTHYEeCKOTO MasiTHUKA
Y UJIeaJIbHOTO MPYKUHHOTO MasiTHUKA.
Pemienue pacueTHbIX 3a/1a4 ¢ SIBHO
3aJlTaHHOM M HESIBHO 3aJIaHHOU
(hu3uYeCKOr MOJIEIIbIO

C UCITOJIb30BAHUEM OCHOBHBIX 3aKOHOB
1 hbopmyin mo Teme «MexaHudecKue
KOJICOaHUS.

Pemrenne kadyecTBEHHBIX 3a71a4,
TPeOYIONIUX MPUMEHEHUS 3HAHUI

1o TeMe «MexaHndecKknue KojieOanus.
OOBsICHEHHE YCTPOMCTBA U MPUHITUTIA
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NEUCTBUSI METPOHOMA, YaCOB, KauelleH,
MY3BIKQJIbHBIX UHCTPYMEHTOB,
ceiicmorpada.

HcnonbizoBanue IT-rexHonoruu

pu paboTe ¢ JOMOJHUTEIbHBIMU
HMCTOYHUKaMU UHGPOPMAITUH IO TEME, UX
KPUTUYECKU aHAJIM3 U OLICHKA
JIOCTOBEPHOCTHU

2.2

DIEeKTPOMAarHUTHBIE
KoJIcOaHUs

15

Konebarenbubiit koHTYp. CBOOOIHBIC
3JICKTPOMArHUTHBIE KOJeOaHus

B HJIeaJIbHOM KoJie0aTeIbHOM KOHTYpE.
®opmyna TomcoHa. CBsi3b aMIUIUTY/IbI
3apsiia KOHJIEHCATOpa ¢ aMIUITUTYA0N
CHUJIBI TOKA B KOJIEOATEIbHOM KOHTYPE.
3aKOH COXpaHEHUS JHEPTUU

B HJIeaJIbHOM KOJIe0aTeIbHOM KOHTYPE.
3aTyxarolne 3JIeKTPOMarHUTHhIC
KoseOanus. BeiHyX1eHHBIC
AJICKTPOMArHUTHBIE KOJIeOaHusl.
[lepemenHbIN TOK. MOIIHOCTH
MEPEMEHHOI0 TOKa. AMIUIUTYTHOE

U JICUCTBYIOIIEE 3HAUEHNE CUIIbI TOKA
Y HaMpsDKEHUS TIPU pa3IndyHou ¢popme
3aBUCUMOCTH MEPEMEHHOT O TOKA

OT BPEMEHHU.

Cunycon1anbHbIN TEPEMEHHBINA TOK.
PesucTop, KOHAEHCATOP U KaTyIIKa

[IpoBeneHne KOCBEHHBIX U3MEPEHUN

U UCCIIEA0BaHUs 3aBUCUMOCTEMN
(bU3HYECKUX BEIMYUH MIPU U3yYEHUU
AJIEKTPOMArHUTHBIX KOJICOAHUH U 1eTnei
MEPEMEHHOIO TOKA.

Omnpenenenne abCOIOTHBIX

1 OTHOCUTEJIbHBIX MOTPEIIHOCTEN
U3MepeHu (PU3NIECKUX BEIUYHH.
OrneHka rpaHul] NOrPENTHOCTEM.
N3ydenue ycTporcTBa U NpUHLIKANA
JeicTBUS TpaHcPopMarTopa.
HaGmronenue 3eKTpoMarHuTHOTO
pe30HaHca.

N3yyeHnne ocumwimorpaMm
AJIEKTPOMArHUTHBIX KOJICOaHUH.
Pemienne pacueTHbIX 3a/1a4 € IBHO
3aJaHHOM U HEIBHO 3aJaHHOU
(hu3nYecKor MOJIEIbIO

C UCIOJIb30BAHUEM OCHOBHBIX 3aKOHOB
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WHJIYKTUBHOCTH B LIETIH
CHHYCOWJIAJIBHOTO MIEPEMEHHOTr0 TOKa.
Pe3onaHc TOkOB. Pe3oHaHC
HANPSKEHUM.

Wneanbublii TpanchopMartop.
[IpousBoxacTBo, niepenayva u

noTpedIieHre ANEKTPUIECKON SHEPTHUH.

DKOJIOTUYECKHUE PUCKHU

MIPY MPOU3BOACTBE IIEKTPOIHEPTHUH.
KynbTrypa ucnons3oBanus
BJIEKTPOIHEPTUH B MTOBCEAHEBHON
KU3HU.

TexHuyeckue ycTporucTBa

Y TEXHOJIOTHYECKUE ITPOLIECCHI:
AJIEKTPUYECKUM 3BOHOK, T€HEPATOP
IIEPEMEHHOI0 TOKA, IUHUU
aJeKTponepenayd

1 (hopMyI 1o Teme
«INEKTPOMArHUTHBIE KOJICOAHUS».
Pelienne kauecTBEHHBIX 3a/1a4,
TpeOYIOIUX MPUMEHEHUS 3HAHUN

10 TEME «DIJIEKTPOMAarHUTHbBIE
KOJIcOaHUsD».

CpaBHEHNE MEXaHUUYECKUX

U DJIEKTPOMArHUTHBIX KOJICOAHUM.
OObsicCHEHNE YCTPONUCTBA U IPUHITUTIA
JEUCTBHS DJIIEKTPUYECKOIO 3BOHKA,
reHeparopa MepEMEHHOr0 TOKA, JINHUN
AJIEKTponepeaay.

Ornpenenenue ycloBHil TPUMEHUMOCTH
MOJIENI UJCATBHOTO KOJIeOaTeIbHOTO
KOHTYpA.

AHau3 1 OLIEHKA MOCTIEACTBUM
WCIIOb30BaHUs PA3JIMUHBIX CIIOCOOOB
MIPOU3BO/ICTBA JIEKTPOIHEPT U

C TTO3UIIUU IKOJIOTHYECKOU
0€30MMacHOCTH; MPEACTABICHUM

0 pallMOHAJILHOM MPUPOAOIOIH30BaHUN
(B Tporiecce MoArOTOBKH COOOIIIECHUH,
BBITIOJIHEHU M TPYIIIIOBBIX TPOCKTOB)

2.3

MexaHU4eCcKHue 1
AJIEKTPOMArHUTHBIE
BOJTHBI

10

MexaHnnyecKkue BOJIHBI, YCIIOBUS UX
pacnipoctpanenus. [lonepeunsie

Y MpOAoJIbHEIE BOJHEL [lepuog,
CKOpPOCTb pACIPOCTPAHEHUS U JIJIMHA

Hab6monenne obpazoBaHus

U PacIpOCTPAHCHHUS TTOMIEPEUHBIX
Y TIPOJIOJILHBIX BOJTH, OTPAKCHUS
U TIpeJIOMJICHUSI, UHTep(hepeHITnn
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BOJIHBI. CBOMCTBA MEXAHUYECKUX BOJIH:
OTpa)K€HUE, MPEIOMIICHUE,
uHTeppepeHus 1 nudpakius.

3Byk. CKOpOCTb 3ByKa. [ pOMKOCTH
3Byka. Beicora ToHa. TemOp 3ByKa.
[ITlymoBoO€E 3arpsA3HEHUE OKPYKAIOLLIEH
Cpelbl.

DNEeKTPOMArHUTHBIE BOJIHBI. Y CIIOBUS
M3IIYYEHUS SJIEKTPOMArHUTHBIX BOJIH.
B3anmnast oprieHTaIys BEKTOPOB

B, E, U B 37I€KTPOMarHUTHO#! BOJIHE.
CBolICTBa DIEKTPOMArHUTHBIX BOJIH:
OTpaXeHHE, PETOMIICHUE,
noJIsIpu3alus, UHTephepeHIus

u audpakims.

[IIkana 3JIeKTpPOMarHUTHBIX BOJIH.
[IpuMeHeHue AEeKTPOMarHuTHHIX BOJIH
B TEXHUKE U OBITY.

HpI/IHHI/IHI)I PAaUOCBA3H U TCIICBUACHN.

Panuomnokarus.

DJIEKTPOMArHUTHOE 3arpsi3HECHUE
OKPYKarolen Cpebl.

TexHuueckue ycTponucTna

Y MPAKTUYECKOE TPUMEHEHHUE:
MY3bIKQJIbHBIE HHCTPYMEHTHI,
pazap, paaiuonpueMHUK, TEJIEBU30D,
anTeHHa, Tenedon, CBU-nieusn,

U JudpaKkiud MEXaHUYECKUX BOJIH,
aKyCTHYECKOI'0 PE30HAHCA, CBSA3U
I'POMKOCTH 3BYKa M BBICOTBI TOHA

C aMIUTUTY/ION U YaCTOTON KOJIeOaHUH.
N3ydenue CBOUCTB yJIbTpa3ByKa U €ro
MIPUMEHEHUS.

HccnenoBanue cBONCTB
AJIIEKTPOMArHUTHBIX BOJIH: OTPAKEHHUE,
MIPEJIOMIIEHUE, MOJSpU3ALU,
audpakiusi, “HTepPEePeHIIHSL.
ObnapyxeHne nHPpaKpacHOTo

U yIAbTPapuOoIETOBOTO U3TYYECHHM.
CpaBHEHHE MEXaHUYECKUX

Y DJIEKTPOMAarHUTHBIX BOJIH.
OnpeneneHue ycaoBUd NTPUMEHUMOCTH
MOJIEJIM TAPMOHUYECKOI BOJIHBI.
Pelenne kauecTBEHHBIX 3a/1a4,
TpeOYIOLUX MPUMEHEHUS 3HAHUI

1o reMe «MexaHnueckue

1 DJIEKTPOMAarHUTHBIC BOJIHBD».
N3yuenne napameTpoB 3ByKOBON
BOJIHBI.

N3yuenue pacnpocTpaHeHus 3ByKOBBIX
BOJIH B 3aMKHYTOM IIPOCTPAHCTBE.
OOBbscHEHUE yCTpOoiCcTBa U IPUHIIUIA
JEHCTBUS MY3bIKAJIbHBIX NHCTPYMEHTOB,
panapa, paIuoONpUEMHHUKA, TEIEBU30PA,
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YIBTPAa3BYKOBAsk TUArHOCTUKA
B TEXHUKE U MEIULIMHE

aHTeHHbI, Tenepona, CBU-neun.
OOBsiCHEHHE YIBTPA3BYKOBOM
JTMAarHOCTUKH B TEXHUKE U MEJIULIMHE.
Hcnonw3oBanue IT-TexHonoruit

pH paboTe ¢ JOMOTHUTEIbHBIMU
HMCTOYHUKAMU UHGPOPMAITUH IO TEME,
WX KPUTUYECKUI aHAJIU3 U OLICHKA
JTOCTOBEPHOCTH.

AHanu3 1 OIIEHKA NOCIEACTBUMN
IIYMOBOTO U 3JIEKTPOMArHuTHOIO
3arpsi3HEHUST OKPYKAIOIIEH CpeJibl

C MO3UIIUN SKOJIOTUYECKOU
0€30IacHOCTH; MPE/ICTaBICHUI

0 pallMOHAIBLHOM MPUPOJIOTIOJIb30BAHUN
(B mIpoliecce MOATOTOBKH COOOITICHUH,
BBITTOJTHEHUH TPYNIIOBBIX ITPOEKTOB)

2.4

Onrtuka

25

[IpsamonrHENHOE pacupOCTPAHEHNE

CBETa B OHOPOAHOM cpexe. JIyu cera.

ToueuHbIN UCTOYHUK CBETA.
Otpaxxenue cBeta. 3aKOHbI OTPAKECHUS
ceera. [locTpoeHue nzodpaxeHun

B TI0CcKOM 3epkaiie. Cdhepuueckue
3epKana.

[Ipenomiienune cBeta. 3aKOHBI
MpeIoMJIeHHS cBeTa. AOCOTIOTHBIN
MOKa3aTeJb MPEIOMIICHHUS.
OTHOCUTENBHBIN MTOKA3aTENh

Habmronenne onTHYecKux SBJICHUM,
MPOBEJICHUE KOCBEHHBIX U3MEPEHHUH,
HCCJIeJOBAaHUS 3aBUCHUMOCTEMN
(bU3UYECKUX BEJIMYUH U OIBITOB

10 TTPOBEPKE MPEAT0KEHHON TUIOTE3bI
IIPU U3YyUYECHUU SBJICHUUN TPETOMIICHUS
CBETA Ha TPAHULIC pa3aena ABYX Cpe/l,
MPEJIOMJICHHS CBETA B COOMparoIet

Y pacCEeMBAIONICH JIMH3aX, BOJIHOBBIX
CBOMCTB CBETa.

Ha6ro1eHre mojiHoro BHYTPEHHETO
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npenomieHus. [IoCTOSHCTBO 4acTOTHI
CBETAa U COOTHOLIEHUE JUIUH BOJIH

[IpY NIEPEXOAE MOHOXPOMATUYECKOTO
CBETA 4epe3 rpaHully paszena AByxX
ONTHUYECKUX CPEL.

Xox nydent B npusMe. Jlucrepeus cBera.
CnoxHbIN cocTaB Oemmoro ceera. L{ser.
[TonHOE BHYTpEHHEE OTPaKECHUE.
IIpenenbHpI yroma nojaHoro
BHYTPEHHETO OTPAKEHHUS.
Cobuparoiiiye 1 paccernBarOIINE JINH3BI.
Tonkas nuH3a. POKYCHOE pACCTOSTHUE
Y ONTUYECKAs CUJjia TOHKOM JIMH3HI.
3aBUCUMOCTH ()OKYCHOT'O PACCTOSTHUS
TOHKOM C(pepruuecKoi JIMH3HI OT ee
F€OMETPUH U OTHOCUTEIILHOT O
MTOKA3aTeNs MPETOMIICHHUS.

dopMyJsia TOHKOM JIMH3BL. Y BEJIMYEHHUE,
JTaBaeMoe JIMH301M.

Xop nyva, IpOWEqUIErO JUH3Y

TIOJ] ITPOU3BOJIBHBIM YIJIOM K €€ TJIAaBHOM
ontuueckon ocu. [loctpoenue
M300paKEHUI TOUYKHU U OTpe3Ka MpsSIMOn
B COOMpAIOIIMX U PACCEUBAIOIINUX
JIMH3aX U UX CUCTEMaX.

OnTuyeckue npubopsl. Pazperarorias
crocobHocTh. ['11a3 kak onTu4eckas

OTpaXEHUsI, U3YYEHUE MOJIEITH
CBETOBOJIA.

[Tonyuenue n300pakeHUS B CUCTEME
13 TJIOCKOI0 3€pKaJjia U JIMH3BI,

B CUCTEME U3 JIBYX JIUH3.
KoHcTpynpoBaHue Te1eCKOMUYECKUX
CHCTEM.

Nzyuenune nosspusaim CBETa,
OTPaXKEHHOT'O OT MOBEPXHOCTHU
TUBJIEKTPUKA, N3yYCHUE
UHTEPPEPEHIINH JTA3ePHOTO U3TyIEHUS
Ha JIBYX IIEJISX.

ITonydenue ciekTpa U3Iy4eHUs
CBETOJINO/IA IPU TTOMOIIU
TU(GPaKIIMOHHON PEIIETKY.

Pemenue pacueTHbIX 3a71a4 € SIBHO
3aJlTaHHOM U HESIBHO 3aJIaHHOM
(huzuYecKor MOJIEIbIO

C MCIOJb30BaHHEM OCHOBHBIX 3aKOHOB
u hopmyi 1o Teme «OnTuka.
Pemenne kaduecTBEHHBIX 3a71a4,
TpeOYIONIUX NPUMEHEHUS 3HAHUI

o TeMe «OITHKay.

[TocTpoenue u pacuer U300paKeHUH,
CO3/1aBa€MbIX IJIOCKUM 3€pKajioM,
TOHKOM JTMH3O0M.

Onpenenenue yCaoBUM TPUMEHUMOCTH
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cUCTEeMa.

[Ipenensl MPUMEHUMOCTH
F€OMETPUUYECKOU ONTHUKH.

Bonnosas ontuka. Matepdepennus
cBeta. KorepeHTHBIC HCTOYHUKH.
VYcnoBus HaOMOICHUS MAKCUMYMOB
U MUHUMYMOB B HHTep(EepEeHIMOHHOU
KapTUHE OT JBYX KOI€PEHTHBIX
MCTOYHHKOB. [IpuMepsI Kiraccnueckux
UHTEPPEPECHIIMOHHBIX CXEM.
Hudpakuus ceera. JudpakunonHas
pemieTka. Y ciioBrue HaOIIOACHUS
TJIABHBIX MAKCUMYMOB TIPU T1aJICHUN
MOHOXPOMATUYECKOT'O CBETa

Ha AUGPAKIIMOHHYIO PEIIETKY.
[Tonspusanus ceera.

TexHu4eckue yCcTpomncTBa

Y TEXHOJIOTHYECKUE TIPOIIECCHI: OYKH,
Jyma, NepucKomn, Goroanmnapar,
MUKPOCKOM, MPOEKIIMOHHBIN armapar,
MIPOCBETJICHUE ONTHKH, BOJIOKOHHAS
OIITHKA, TU(PPAKITMOHHAS PEIIETKA

MOJI€IM TOHKOW JIMH3BI; TPAHMUII
NPUMEHUMOCTH T'€OMETPUUECKON
OITUKH.

OObsicHeHHE 0COOCHHOCTEN MTPOTEKAHUS
ONITUYECKUX SBICHUI: HHTEPPEPEHINH,
audpakuuu, TUCIEPCUH, TTOTHOTO
BHYTPEHHET'O OTPAKECHMUS.

OObsicHEeHUE YCTPOMUCTBA U MPUHIIUIIA
JEMCTBUSI OUKOB, JYIIbI, IEPUCKOIIA,
¢doTtoanmapaTa, MUKPOCKOIIA,
MPOEKIIMOHHOTO anmapara,
TU(paKIMOHHON penIeTKH, BOJTOKOHHON
OITUKH.

OOBbscHEHUE TPOCBETICHUS ONTUKH.
PaGota B rpymmax npu 00CyXIeHUU
BOIPOCOB MEXIIPEIMETHOIO XapakTepa
(manpumep, o reMe «CBETOBbIE
SIBJICHUS B IPUPOJICH)

Hroro no pazneny

60

Pa3znen 3. OcHOBBI cienMaJILHON TeOpUN OTHOCUTEIbHOCTH (1ajiee - CTO)

3.1

OcHOBBI
CIIELIMATIbHOM TEOPUHU
OTHOCUTEJIbHOCTH

5

['panu1IBI NPUMEHUMOCTH KJIACCUYECKOU
MexaHuku. [locTynarel cnennaapsHOU
TEOPUU OTHOCUTEJIBHOCTH.

[IpoBeneHre KOCBEHHBIX U3MEPEHUN
HUMITYJIbCA U SHEPTUU PENATUBUCTCKUX
gacTuIl (1o ¢oTtorpadusiMm TpeKoB
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[IpocTpaHCTBEHHO-BpEMEHHON
untepBai. [IpeoOpazoBanus Jlopeniia.
Y cioBre NTPUYMHHOCTH.
OTHOCHUTENBHOCTh OJJHOBPEMEHHOCTH.
3ameqieHue BpEMEHH U COKPAILICHUE
JUTUHBI.

DHeprus U UMIYJbC PEASITUBUCTCKON
YaCTHULIBI.

CBs13p MacChl C 3HEPIUEN U UMITYJICOM
PENSITUBUCTCKON YaCTHIIBI.

DHeprus MmoKosl.

TexHuueckue ycTponucTna

Y TEXHOJIOTUYECKUE MPOLIECCHI:
CIYTHUKOBBIE IPUEMHUKH, YCKOPUTEIIH
3apSKEHHBIX YaCTHUIL

3apsKEHHBIX YaCTHI] B MAarHUTHOM
1oJie).

AHanu3 u onucaHue GU3NIEeCKUX
SIBJICHUN C UCIIOJIb30BAaHUEM TTOCTYJIATOB
CHEIUATBHON TEOPUH OTHOCHTEITLHOCTH.
OOBsiCHEHUE TIPUHIIUIIA TCHCTBUS
CIyTHUKOBBIX TIPUEMHHUKOB,
YCKOpHTEINEH 3apsKeHHBIX YacTHUI

Hroro no pazaeny 5
Paznen 4. KantoBas pusuka
4.1 KopnyckynsipHo- 15 PaBHOBECHOE TEMIOBOE U3ITyYEHUE [IpoBeneHne KOCBEHHBIX U3MEPEHUH,

BOJIHOBOM AyaJIn3M

(n3mydeHure abCoJIFOTHO YEPHOT'O Tela).
3akoH cMelienusi Buna. ['unoresa
[Inanka o KBaHTax.

@DOTOHBI. DHEPTHUS U UMITYIILC (DOTOHA.
®oroaddekrt. OnbiTel A.I'. CTonerosa.
3akonbl poTodrpdekra. YpaBHeHUE
Oiinirerina st porodddekra.
«Kpacnas rpanuna» gororddexra.
JlaBnenue cBera (B 4aCTHOCTH,

UCCJICIOBaHUS 3aBUCUMOCTEH MEXKIY
(U3UYECKUMU BeTUIMHAMU

py u3y4eHuu sBieHus Gororddexra.
Omnpenenenne abCOIIOTHBIX

Y OTHOCUTEJIbHBIX MOTPEIIHOCTEN
n3MepeHui (PU3NUEeCKUX BEITHYHH.
OrnieHKa TpaHuIl TOTPEITHOCTEH.
Pemenue pacueTHbIX 3a71a4 € SIBHO
3aJaHHON U HEIBHO 3aJaHHOM
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JIaBJICHHE CBETA Ha a0COIOTHO
MOTJIOMIAIOIIYIO U a0COIFOTHO
OTPAKAIOIIYIO TTOBEPXHOCTH ).
Omngitel I1.H. JleOGenena.

BoanoBbIe cBOMCcTBA yacTHUIl. BOIHBI
ne bpona. Jlnnaa BonHe! ae bpoiis
U pa3Mephl 00J1aCTH JIOKAIW3aIun
JBHOKYILIENCA YaCTHUIIBI.
KopnyckynsspHO-BOJTHOBOU Iyanu3M.

Judpakius 37eKTPOHOB Ha KPUCTAIIIAX.

Crnennduka U3MEPEHU B MUKPOMUDE.
CoOOTHOLIEHUST HEONTPEAETEHHOCTEN
I'efizenbepra.

TexHuyeckue ycTporucTBa

Y TEXHOJIOTUYECKUE TTPOIIECCHI:
CIIEKTPOMETP, GOTOITIEMEHT,
doTogaTUMK, TYHHEIBLHBI MUKPOCKOTI,
coJiHeuHas Oarapesi, CBETOIMOT

(u3HYECKO MOJENbIO

C UCIIOJIb30BAHUEM OCHOBHBIX 3aKOHOB
u hopmyin o teme «KBaHTOBbIE
SIBJICHUS.

Perienne kauecTBEHHBIX 3aj1a4,
TpeOyIOIIUX MPUMEHEHUS 3HAHU I

1o teme «KBaHTOBBIE SIBICHUS.
Ornpenenenue ycloBUil TPUMEHUMOCTH
KBaHTOBOM MOJIETIN CBETA.

AHanm3 KBaHTOBBIX ITPOLIECCOB

C UCIIOJIb30BAHUEM YPABHEHHUS
Oitammreitna 11 hotodddexra,
MIPUHLINAIA COOTHOIIEHU I
HeomnpeneneHHoctu [ 'eitzendepra.
OObsicHEeHUE IPUHITUTIA TEUCTBUS
crieKTpoMeTpa, (hOTOdJIEMEHTa,
(dhoToaTunKa, TYHHEIbHOTO
MHUKPOCKOIa, COJJTHEUHOU OaTapeu,
CBETOAMO/A.

Hcnonw3oBanue IT-TexHonoruit

npu paboTe ¢ AOMOJHUTEIbHBIMU
HMCTOYHUKAMU WH(OpMAITUH 1O TEME,
WX KPUTUYECKUI aHAIU3 U OLICHKA
JIOCTOBEPHOCTHU

4.2

dusuka atroma

OnBITHI O UCCIETOBAHUIO CTPOEHUS
aroMma. [ImanerapHas moaenb aroma

Pesepdopna.

Onpenenenne JIMHBI BOJHBI Ja3€PHOTO
W3JTyYECHUS.
HabmroieHre TMHENYaThIX CIIEKTPOB.
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[Tocrynater bopa. U3nyueHue

U TorJIoIeHue (POTOHOB IIPH MEPEXO/IE
aToMa C OJJHOr0 YPOBHS SHEPTUU

HA JIPYTOW.

Bunp! ctiektpoB. CriekTp ypOBHEH
SHEPIruM aTomMa BOAOPOAa.
CHoHTaHHOE U BBIHYKJICHHOE
u3JydeHue ceera. Jlasep.
TexHuueckue ycTporucTna

Y TEXHOJIOTUYECKHE MPOLIECCHI:
CIEKTPaJIbHBIN aHaNU3 (CIIEKTPOCKOIT),
Ja3ep, KBAHTOBBI KOMIIBIOTED

HccnenoBanue criekTpa pa3perxeHHOr 0
aTOMapHOr0 BOJAOPOAA U U3MEPEHUE
noctosinHou PunGepra.

N3ydyeHnue ycTpoiicTBa U 1EHCTBUS
CYETYMKA MOHU3UPYIOIINX YaCTHII.
Onpenenenue yCIoBUd NIPUMEHUMOCTH
monenu atoma Pesepdopaa.
OObsicHEeHUE TPUHIIUIA IEUCTBUS
CIEKTPOCKOIIa, JIa3epa, KBAHTOBOT'O
KOMIIBIOTEPA.

AHanm3 KBaHTOBBIX MTPOLIECCOB

Ha OCHOBE TIEPBOI'0 U BTOPOT'O
noctysaroB bopa

4.3

du3uKa aTOMHOTO
aapa u
3JIEMEHTAPHBIX
YaCTHUIL

Hyxnonnas monens sapa I'eitzenOepra—
NBanenko. 3apsan aapa. MaccoBoe
yucio sapa. M30torsl.
PannoakTuBHOCTBE. Albha-pacma.
DNEeKTPOHHBIN U TTO3UTPOHHBIN OeTa-
pacnaz. ['amMma-usinydyeHue.

3aKOH paJIMOAKTUBHOIO pacnaja.
PannoakTuBHBIE U30TOIBI B IPUPOJIE.
CBoliCTBa MOHU3UPYIOIIETO U3ITYYEHUS.
BnusiHne paanoakTUBHOCTH Ha KHUBBIE
opranu3Msbl. EcrecTBeHHbIN (POH
n3iydenus. /JJozumerpus.

DHeprus CBSI3U HYKJIOHOB B SIJIpE.
SAnepusie cuiel. JledexT macchl spa.

[IpoBenenne nsmepenun
paaroakTUBHOTO (hoHA

C MCIOJIb30BAaHUEM JI03UMETPA

Y MCCJIEIOBAaHUE TPEKOB YACTHII

(o ToTOBBIM (poTOTrpadusim).
N3yueHune nornomeHus 0eTa-4yacTHil
QIFOMUHUEM.

OnpeneneHue ycaoBUi NTPUMEHUMOCTH
MOJIENIM aTOMHOI'O sIpa.

AHaJIN3 ¥ ONUCAHUE SAIEPHBIX PEAKLIAN
C UCTOJb30BAHUEM MOHATHI MacCOBOE
YUCIIO U 3apsij spa, SHEPTUs CBA3U
A/1pa, 3aKOHOB COXPAHEHHUS 3aps/a,
MacCOBOTr'0O YHCJIA U IHEPTUU B SIEPHBIX
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Anepusbie peakuuu. JleneHue u CUHTE3
anep. Anepusie peaktopsl. [Ipodiaembl
YIIPABJISIEMOI'0 TEPMOSIEPHOTO CUHTE3A.
DKOJIOTUYECKHUE ACTIEKThI Pa3BUTHUS
SIZIEPHOU YHEPIETUKMU.

Mertozpl perucTpanuy U UCCIIEIOBAHUS
AJIEMEHTAPHBIX YaCTHII.
DyH1aMEHTaJIbHbIE B3AUMOJICUCTBUS.
bapuronbl, ME30HBI U JIENTOHBI.
[Ipencrasienue o CTaHgapTHOU
Mozenu. KBapk-TirooHHass MOZENb
aZpPOHOB.

®usuka 3a npenenamMu CTaHIapTHON
Mojzenu. TemMHas marepust U1 TeMHas
JHEPrusl.

EnuncTBO Quznueckoit KapTUHBI MUPA.
TexHu4eckue yCcTpomncTBa

Y TEXHOJIOTUYECKHE MPOLIECCHI:
JIO3UMETP, Kamepa BuibcoHa, siIepHbIi
pEeaKkTop, TEPMOSIAEPHBIN PEAKTOP,
aToMHasi 60oM0a, MarHUTHO-PE30HAHCHAs
ToMorpadus

peakIusix, 3aKOHA PaIMOAKTUBHOT'O
pacnaja.

OObsicHEeHUE TPUHITUITIA TEUCTBUS
n03UMeETpa, Kamepbl Buibcona,
SIIEPHOTO PEaKkTopa, TEPMOSAECPHOTO
peakTopa, aTOMHOM OOMOBI, MArHUTHO-
pPE30HaHCHOM TOMOrpaduu.

AHaJv3 ¥ OlICHKA BIIUSIHUSA
PaANOAKTUBHOCTH HA KHUBbIC
OpraHU3MBbI, a TAKKE MOCIEICTBUN
Pa3BUTHS SIEPHON SHEPIETUKU

C TTO3UIMIA 3KOJIOTHUYECKOU
0€30MMacHOCTH; MPEACTABICHUIM

0 pallMOHAJILHOM MPUPOAOIOIb30BaHUN
(B mIpoliecce MOATOTOBKH COOOITICHUH,
BBITIOJTHEHUS TPYIITIOBBIX TPOEKTORB)

Hroro no pazneny

25

Paznen 5. JjieMeHTHI aCTPOH

OMHUM U aCTPOPUIUKU

5.1

DJIeMEHTBI
aCTPOHOMHUH
U acTpoHU3HUKHU

12

DTanbl pa3BUTUSA ACTPOHOMUH.
[IpuknagHoe 1 MUPOBO33PEHUYECKOE
3Ha4YeHHE acTpOHOMUHU. [[puMeHUMOCTh

HaOmonenue 3Be31H0ro Heba
HEBOOPYKEHHBIM TJIa30M
C UCIOJIb30BAHNEM KOMIIBIOTEPHBIX
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3aKOHOB (PU3UKU 15l OOBICHEHUS
MPUPOIbI KOCMUYECKUX OOBEKTOB.
MeTtobl aCTPOHOMUYECKUX
uccnegoBanuii. CoBpeMeHHbIE
ONTHUYECKHE TEJIECKOIIHI,
PaguoTENIECKONbI, BHEaTMOC(epHas
aACTPOHOMHMSI.

Bun 3Be3nHoro Heba. Co3Besnus, SpKue
3BE3/Ibl, IUTAHETHI, UX BUIUMOE
JIBUKECHHUE.

ConHeuHas cucreMa.

Connue. ConHevyHast aKTUBHOCTb.
Ncrounuk sneprun ConHIa U 3BE3/I.
3Be3/1bl, UX OCHOBHbBIE XapaKTEPUCTUKH.
JlnarpamMma «CIEKTpaIbHbIA KJIACC —
CBETUMOCTb». 3B€3/bl IJIaBHOU
MOCJIEA0BATEILHOCTU. 3AaBUCUMOCTD
«Macca — CBETUMOCTB) JUIsl 3BE3]T
TJIABHOM MOCJIEIOBATEIILHOCTH.
BnyTrpeHHee cTpoeHue 3Be31.
CoBpeMeHHBIE MPEACTaBICHUS

0 MPOUCXOXKJICHUU U 3BoMonun CosHIla
M 3BE3JI. DTaIbl )KU3HH 3BE3]I.
Muneunsiit [lyts — Hama I amakTuka.
[Tonoxenue u npuxenue ConaHua

B ['amakTuke. THUIIBI rajJakTHK.
Paagnoramaktuku u xBazapsl. YepHblie

IIPUIIOKEHHUN IS ONIPEACIICHUS
TTOJI0KCHUS HEOSCHBIX 00BEKTOB

Ha KOHKPETHYIO JIaTy: OCHOBHBIC
co3Be3ausi CeBepHOro Moiaymapus

U SPKUE 3BE3IbI.

Ha6monenue B Teneckorn JIyHbl, miaHer,
TYMAaHHOCTEU U 3BE3HBIX CKOILUICHUM.
Y4acTtue B IMCKYCCUM O POJIU
ACTPOHOMMH B COBPEMEHHOW KapTHHE
MHpA, B MPAKTUYECKON JEATEILHOCTH
YeJI0BEKa U JalbHEUIIEM HAyYHO-
TEXHUYECKOM Pa3BUTHUH.

ITogroroBka cooOIIeHUI 0 METOIaX
MOJY4YCHUS HAYYHBIX AaCTPOHOMHUYECKHX
3HAHUM, OTKPBITUAX B COBPEMEHHOMN
aACTPOHOMUH.

[IpuMeHeHne OCHOBOMOJIAratoIINX
ACTPOHOMMYECKUX MOHSATHUM, 3aKOHOB

Y TEOPUM JIJIs1 aHaJIM3a U OOBICHEHUS
(hU3UYECKHUX MPOIECCOB, TPOUCKOSAIINX
B 3BE€3/1aX, B 3BC3AHBIX CHCTEMaX,

B MEXXTAJIAKTUYECKON Cpesie, IBUKEHUS
HEOCCHBIX TEII, YBOIIOIUH 3BE3]I

u BcenenHoit
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JBIPHI B sJIpax rajakTHK.
Bcenennas. Paciuupenue BeeneHHOM.
3akon Xa060ma. Pazberanue rajakTuk.
Teopus bosbiioro B3peiBa. PenmkroBoe
U3JTy4EHHUE.
Macmrabnas ctpyktypa Beenennoil.
MeraranakTuka.
Hepemiennbie npo0iemMbl aCTPOHOMUU
Hroro 1o pazneny 12
Pa3nen 6. ®usnyecknii NPAKTUKYM
6.1 | Ousnueckuii 16 Crioco6s! u3MepeHus PU3nIecKux [IpoBeneHre KOCBEHHBIX U3MEPEHU,
MPaKTUKYM BEJIMYUH C UCIIOJIb30BAHUEM MCCJIEIOBAaHNN 3aBUCUMOCTEN
aHAJIOTOBBIX U IIU(PPOBBIX (bU3HYECKUX BETUYNH, IIPOBEPKa
M3MEPUTEIHHBIX TPUOOPOB MPEJIOKEHHBIX TUTIOTE3 (BBIOOD
1 KOMIIBIOTEPHBIX JATYMKOBBIX 13 paboT, ONMMCAHHBIX B TEMATHUYECKUX
cucteM. AOCOIIOTHBIE pasznenax «Y4eHUYECKUN IKCIIEPUMEHT,
Y OTHOCHUTEJbHBIE MOTPEIIHOCTH nabopaTopHbie padOThI, MPAKTUKYM))
M3MepeHui (PU3NUeCcKux BEIUYMH.
OueHka rpaHul NOrpeuIHOCTEN
Hroro o pazneny 16
Paznen 7. O6o0maoiee noBTropeHmne
7.1 Cucrematuzanus u 15 O0001IeHE U CUCTEMATU3ALINS VYyacTue B AUCKyCcCHUU O PO (PU3UKH
00o011eHne COJIEP’KaHMsI pa3/iesloB Kypca Y aCTPOHOMUH B PA3IMUHBIX cepax
MPEAMETHOTO «Mexanuka», «MonexkynsapHas Qusuka | JesTEIbHOCTH YEJIOBEKa.
COJIEpKaHUS U OIbITA Y TEPMOJNHAMHUKAY, [TonroroBka cooO1IeHUI O MecTe
JEATEIIbHOCTH, «InexkTpoauHamukay, «Komnebanus (bu3HYeCKo KapTUHBI MUpPaA B PAY
PUOOPETEHHOT O Y BOJHBD, «OCHOBBI CITEIHAIBHON COBPEMEHHBIX IIPEICTABICHUI
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P U3y4eHUHN Kypca
¢busuku 10-11
KJIACCOB

TEOPUH OTHOCHUTENBHOCTH», «KBaHTOBas
¢u3uka», « IIEMEHTHl aCTPOHOMUU

U aCTpODUBUKIY.

Ponb ¢usuku u actpoHOMHH

B DKOHOMHYECKOM, TEXHOJIOTHYECKOM,
COLIMATILHOM M 3THYECKOU chepax
NEATEIbHOCTU YEIOBEKA, POJIb U MECTO
(GU3MKU U aCTPOHOMHH B COBPEMEHHOMN
HAay4HOW KapTUHE MUPA, 3HAYEHUE
OIMUCATENBHOM, CUCTEMATU3UPYIOLLEH,
OOBSACHUTEIBHON U MPOrHOCTUYECKOM
byHKIMi GU3NYECKoi TEOpUH, POJIh
¢uznyeckoil Teopuu B POPMUPOBAHUN
MpeICTaBlICeHUN 0 PU3NUECKON KapTUHE
MUpa, MECTO (PU3MUECKON KapTHUHBI
MUpa B 0011eM sy COBPEMEHHBIX
€CTECTBEHHO-HAYYHBIX MPEICTABICHUN
0 MpUpoaE

0 IPUPOJIE.

BeimonHenre ydeOHBIX 3a1aHUH,
JIEMOHCTPUPYIOIINX OCBOCHHUE
OCHOBHBIX IOHSATHH, (YU3UIECKHUX
BEJIMYMH U 3aKOHOB Kypca (pu3uku
10-11 knaccos

Hroro 1o pazneny 15
PesepBHOE Bpemst 10
OBUIEE KOJIMYECTBO 170
YACOB I1O ITPOI'PAMME
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MEPEYEHD (KOJJUD®UKATOP) IPOBEPSIEMBIX TPEEOBAHUM

K PE3YJIbTATAM OCBOEHUSI OCHOBHOM OBPA3OBATEJIBHOM
IMPOI'PAMMBI CPEJHEI'O OBIIEI'O OBPA3OBAHUA

N 3JIEMEHTOB COAEPXKXAHUA 110 PUBUKE

Jl71st mpoBeIeHHsI €IMHOTO TOCYIapCTBEHHOTO dK3ameHa 1o ¢usmuke (mamee — EI'D
no (QuU3MKe) HCHoIb3yeTcsl ImepeyeHb (KoaupuKaTop) MNpoBEpSIEeMbIX TpeOOBaHUMN
K pe3ylibTaraM OCBOEHHUSI OCHOBHOM 00pa30oBaTeIbHOM MpPOrpaMMbl CPEIHETO OOIIEro
00pa30BaHUs U HIEMEHTOB COICPKAHMUS.

IIposepsiembie Ha EI'D no ¢pusuke TpedoBaHus K pe3yJbTaTaM OCBOEHUS
OCHOBHOI1 00pa3oBaTeIbHON MPOrpaMMBbl CPpeAHero o0ero 00pa3oBaHust

Kon
IPOBEPSIEMOTO
TpeOoBaHUs

ITpoBepsiemble TpeOOBaHUS K IPEIMETHBIM Pe3yJIbTaTaM OCBOCHHS
OCHOBHOI 00pa30BaTeIbLHON MPOTrpaMMBbl
cpenHero odiiero oopa3oBaHuUs

1

CdopMHUpPOBAHHOCTh YMEHUM pPACIO3HABATH (DU3NUYECKUE SIBICHUS
(mporecchbl) U OOBACHATH UX HA OCHOBE M3YYEHHBIX 3aKOHOB

Brnanenue ocHoBomonararonuMu  GU3MYECKUMU  TOHSTUSIMHU
U BEJIMYMHAMU, XapaKTEPU3YIOIUMHU (HPU3UYECKHUE TTPOIIECChHI

ChopMHUpPOBAaHHOCTh yYMEHUN TPUMEHSATH 3aKOHBI KJIACCHYECKOM
MEXaHUKH,  MOJEKYISIpHOW  (GU3MKK W TEPMOJUHAMHUKH,
AJIEKTPOJUHAMHUKH, KBAaHTOBOM [1)763709% JUTS aHAIN3a
U OOBSCHCHHS SIBJICHUH MHUKPOMHpA, MaKpoMHpa W Meramupa,
paznuuath  ycioBus  (TpaHMIBI, 00JacTH)  IPUMEHUMOCTU
Gbu3MYeCKMX  3aKOHOB,  TMOHMMAaTh  BCEOOIIMH  XapakTep
byHIaMEHTAJILHBIX 3aKOHOB M OTPAaHMYEHHOCTh HCIIOJIb30BaHUS
YaCTHBIX 3aKOHOB; aHAJIU3UPOBATh (DU3NYECKHE MPOIECCHI,
MCIIOJIb3Ysl OCHOBHBIC MOJIOKEHUS, 3aKOHBI U 3aKOHOMEPHOCTH

CpopMHUpPOBAHHOCTh YMEHHSI pas3inyaTh YCJIOBHUS MPUMEHUMOCTH
Mojenel (U3NIEeCKUX TeJ U MPOIIECCOB (SIBJICHUIA)

ChopMUpPOBAHHOCTh YMEHHUS pellaThb PAaCUETHBIE 33Ja4d C SIBHO
3aIaHHOM W HESBHO  3aJaHHOM  (UBMYECKOM  MOJENbIO:
Ha OCHOBAHMM aHAJINW3a YCJIOBUSA BBIOMpATh (PU3NYECKHE MOJIEIH,
OTBEUAIOIINE TPEOOBAHUAM 33J]a4H, TPUMEHATH (POPMYJIbI, 3aKOHBI,
3aKOHOMEPHOCTH U NOCTYJaThl bu3nUecKux Teopui
IpU MCIHOJB30BAHMM MATEMAaTUYECKUX METOJOB pEIIeHUs 3ajad,
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NpoBOAUTL PACUCTbl HA OCHOBAHHMH  HMCIOIIUXCA  JAHHBIX,
AHAJIM3UPOBATL PE3YJIbTATBI U KOPPCKTUPOBATH MCTOABLI PCHICHUA
C Y4CTOM IIOJTYYCHHBIX PE3YyJIbTATOB

Pemate xauecTBeHHBIC 3a7a4d, TPEOYIONINE MPUMEHEHUS 3HAHUUN
U3 pa3HBIX pa3lleNIoB IIKOJBHOTO Kypca (HU3MKH, a TaKxke
WHTETpalluy 3HaHUU U3 JIPYTUX NPEAMETOB €CTECTBEHHO-HAYYHOTO
LUKJIA: BBICTPAUBATH JOTHUYECKYIO LEMOUYKY PACCYXKIECHUMN C OIIOPOM
Ha U3YYCHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3UIECKUE SIBIICHUS

BrnageHue  OCHOBHBIMM ~ METOJaMH  HAY4YHOrO  IO3HAHUA,
UCTOJb3yeMbIMU B (DU3HMKE: TMPOBOAUTH NPSAMbIE U KOCBEHHBIE
U3MEpeHUsT (PU3NUECKUX BEJIMYMH, BHIOWMpasi ONTUMANbHBIN CIIOCO0
U3MEPEHHUSI U UCTONb3Ysl U3BECTHBIE METO/IbI OLIEHKH MOTPEIIHOCTEN
U3MEPEHUI, TPOBOUTH HUCCIIEIOBAHUE 3aBUCUMOCTEH (PU3NYECKUX
BEJIMYUH C HCIOJBb30BAHUEM TMPSIMBIX HM3MEPEHUH, OOBICHATH
HOJTY4EHHBIC PE3YJIbTAaThl, UCTIONb3Ysl (PU3NUECKUE TEOPHH, 3aKOHBI
U TIOHATHUS, U JeJaTh BBIBOJBI; COOJIOAATH MpaBHiia OE30M1aCHOrO
TpyAa TpU MPOBEACHUU MCCIAENOBAaHUM B paMKax Y4eOHOro
IKCIEPUMEHTa U  y4eOHO-HCCIENOBATENbCKOW  JEATEIbHOCTU
C HCHONb30BAHMEM LU(MPPOBBIX HU3MEPHUTENBHBIX  YCTPOHCTB
U J1a00paTOPHOT'0 000PYIOBAHUS

ChopMHUpOBAaHHOCTh YMEHHMM aHAJIM3UPOBaTh U  OILICHUBATH
MOCJICJICTBUSL  OBITOBOM M IIPOM3BOJICTBEHHON  JICSITEIHHOCTH
YEJIOBEKa, CBSI3aHHOM ¢ (DU3MYECKUMHU TMPOIECCaMU, C TO3UITUHN
HKOJIOTHMISCKON OE€30IacHOCTH; TPEICTaBICHU O palMOHAILHOM
MPUPOJAOIOJIb30BAHNH, a TAaKXKE Pa3yMHOM MCIOJIb30BaHUU
JOCTMKCHUM HAyKHM W TEXHOJOTMU Uil JAIbHEWILIETO Pa3BUTHS
YyeJIOBEYECKOro 00IIecTBa

OBnageHue pa3mTu4YHBIMU crocobamMu paboTel ¢ UHOpMaIUei
(GU3NYECKOro COAEp)KaHUSI C HCIOJIb30BAHUEM COBPEMEHHBIX
UH()OPMAIIMOHHBIX TEXHOJOTWH; pPa3BUTHE YMEHHUI KPUTHYECKOTrO
aHallM3a ¥ OLIEHKH JOCTOBEPHOCTH MOITyIaeMoil HHPOpMAIUu

10

ChopMUpPOBAaHHOCTh yYMEHUN MPUMEHATH OCHOBOIIOJArarolIue
ACTPOHOMHUYECKHE TIIOHATHS, TEOPUM W 3aKOHBl JUIA aHAIW3a
U O0bsicHeHUusT  (U3MYECKMX  MIPOLECCOB,  MPOUCXOASIINX
Ha 3BE€3/1aX, B 3BE3JHBIX CHUCTEMaX, B MEXTaJIaKTUYECKOU Cpeje;
NBDKEHHUS HEOCSCHBIX TeJI, DBOJIIOIIMHU 3Be3/] U BeerenHon
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IlepeueHnb 371eMeHTOB coep:kaHusi, nposepsieMbIix Ha EI'D no ¢pusuke

Kon Kon IIpoBepsiemMblil 371EMEHT COJIEPKAHUS
pasnena/ | anemMeHTa
TEMBI
1 MEXAHUKA
1.1 KMHEMATHKA
111 Mexanndeckoe aBukeHHE. OTHOCHUTEIBHOCTh MEXAaHUYECKOTO JBIIKCHHUS.
Cucrema otcueTa
1.1.2 | MarepuaibHasi TOYKa. zZ A TPacKTOpHA
Ee panuyc-BekTop:
r(t)=(x(t),y(t).2(1)), i) AT
TPaeKTOpPHUs, 7
nepeMeleHue: O - -~
S . . Y
AF=F(t,)-F(t)=F,-F= X
=(Ax, Ay, Az) !
nyThb.
CroxeHue nepeMeneHui:
Ar = AT, + AT,
1.1.3 CkopocTs MaTepranbHON TOUYKU:
D= ar i (U v,,L )
= — = t = x1Uy1U; ],
At At—0
AX . :
U, = A_ ,ananornuno Uy = Y, U, =7,
t At—0
Crioxenue ckopocreit: Uy = Uy + 0y
Beruucnenue nepeMeiineHus U NyTH MaTepUaibHON TOUKU MPU MPSIMOJIUHEHHOM
JIBUOKEHUH BJIOJIb OCH X 110 Tpa(MKy 3aBUCUMOCTH Uy (t)
114

_ Ao

YCKOpeHHe MaTepHabHOM TOUKn: & =

At [0 :D.tl :(ax’ay’aZ),
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Av, : ' :
a, = At = (Ux )t , aHanoru4Ho &, = (Uy )t ,a, = (UZ )t .
At—0
1.1.5 PaBHOMEpHOE NIPSAMOJIMHEHHOE IBUKEHUE:
X(t) = X, +0,,t
v, (t) = vy, = const
1.16 PaBHOYCKOpEHHOE MPSMOIMHENHOE JBUKEHUE:
at?
X(t) = Xo + Up,t + =
2
v, (t) =v,, +at
a, = const
2 2
Uyy = Uy = 2ax (XZ - Xl)
L + v,
[Ipu ABMKEHNUHU B OJJHOM HAIIPABIICHHH MYTh S= 5 -1
1.1.7 CBoOoniHOE MajieHue. Y CKOpeHHue CBOOOIHOTO
najaeHus. JBuxeHue Tena, OPOIIEHHOTO IO
yrinom & x ropusonty:
X(t):X0+1)0Xt:XO+ZUOCOS(x-t 2 WS
t . t ) g
y(t)=Y, +ont+9y7 =Y, +0,Sin a~t—g7
Vo Q
v, (t) =0y, =1, COS @
v, (t)=v,, +9,t=v,sina—gt 0 x X
9,=0
9, =-0= const
1.1.8 KpusonuneitHoe nerxeHue. J[BUKEeHNE MaTEpUaIbHON TOUKHU 10 OKPYKHOCTH.

VYrioBas u NTMHEWHAs: CKOPOCTh ToUku: U = oR . IIpu paBHOMEpPHOM JBHKEHUHU

27

TOYKH 110 OKpykHOCTH O = ? =2nv,
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2
v 2
LIeHTPOCTPEMHUTENBHOE ~ YCKOPEHHE — TOUKH: & =E=(D R. Tlomnoe

YCKOpPEHHE MaTepHaIbHON TOUKU

1.19 TBepnoe Teno. IloctynarenpHoe U BpalaTeabHOE IBUKEHHUE TBEPAOro Tela
1.2 JMUHAMUKA
121 WNuepuuanbaele  cucrteMsl orcuera. llepssii 3akoH HeroTona. IIpumHnun
OTHOCHUTENBHOCTH [ annies
1.2.2 m
Macca tena. [ImotHOCTh BemectBa: P = v
123 Cuta. ITpUHIIATT CYTIEPITO3UIIAH CHL: ﬁpaBHoﬂeﬁCTB = _1 + |32 +...
124 Bropoii 3akon HeroToHa: my1st MmaTepuansHoi Touku B 1CO
F=ma: Ap= FAt mpu F = const
1.25 Tperuit 3akoH HproTOHaA 111 MaTepUaIbHBIX 4“"_._.—"‘:_
TOYEK: |le = '|E21 FiQ le
1.2.6 3aKOH BCEMUPHOTO TATOTEHUS: CHJIBI MPUTSHKEHUSI MEXAY TOYEUHBIMH MacCaMu
paBHBEL F=G %
Cuna tsxectu. LleHTp TshxecTH Tena. 3aBUCUMOCTD CHIIBI TSXKECTH OT BBICOTHI h
HaJ MOBEPXHOCTHIO MJIAHETHI paanycoM Ro:
_ GMm
(R, +h)’
1.2.7 Cuna ynpyroctu. 3akon ['yka: Fx = -kX
1.2.8 Cuna tpenus. Cyxoe TpeHue.
Cuia TpeHHS CKOIIbKEHUSL: FTp =uN
Cuia TpeHHS TOKOSL: FTp <uN
Koadpdunment tpenus
1.2.9 F
JaBnenne: P = ?L
1.3 CTATHUKA
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1.3.1 MOMEHT CHJIBI OTHOCUTENILHO OCH BPAIllCHUS:
|M| =FI , rme | — mneyo cuibl F
OTHOCHTEIFHO OCH, IIPOXOASIIEH Yepe3 TOUKyY
O neprneHuKyIsapHO PUCYHKY F
1.3.2 Hentp wmacc Ttema. IleHTp Macc cuCTeMBl MaTepHANIbHBIX  TOYEK:
m,r, + m,r, +...
My = — 25 g = const
M. m+m,+.. ° B oxHOpogHOM mONE TSAKECTH (g ) LIEHTD
Macc Tejla COBIAAAET C €ro LIEHTPOM TSKECTH
YcnoBus paBHoBecus TBepaoro tena B UCO: | = =
+F+...=0
1.34 3akoH [lackans
1.35 o . — +pah
JlaBieHue B KUAKOCTH, mokosimeiics 8 UCO: P = Py +pPJ
1.3.6 = 5
3akoH Apxumena: FApX = _Psmeca ,
ecnu Teno U KuAKocTh NoKosTCs B UCO, TO Fapx = PYVeuireen
VYcnoBue miiaBaHus Tel
1.4 3AKOHbBI COXPAHEHNM A B MEXAHUKE
14.1 HNMnynbc MmaTeprabHOM TOYKHU: p=mo
142 HNMmynbc cucteMsl Tem: f’ = ﬁl + ﬁz T
1.4.3 3aKOH U3MEHEHUS U COXpaHEHHs UMITyJIbCa:
BUCO AP =A(P,+ P, +...) = Pt + By o AL+
B 1CO Aﬁ = A( pl + ﬁ2 + ) = 0 , €CJI1 FlBHeLuH + F2BHeIHH +...=0
PeakTuBHOE NBHKEHHE
14.4 Pabora cuiibl Ha MajioM TIepeMeIICHUN ﬁ'
A:‘If‘.|Af|.cos(x:Fx-Ax (
Ar X
145 MontHocTb CHIIBI:

ecm 3a Bpemst Al paGora cumer m3mensercs

Ha AA , TO MOIIIHOCTBH CHUIJIBI
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AA .
P=— =F-v-cosa F
At At—0 U’
U
2 2
1.4.6 ) mu p
Kunernueckast sHEprus MaTepuaIbHOU TOUYKH: Emn =—=—,
2 2m
3aKOH M3MEHEHUS KWHETUYECKOHW SHEPrUM CHUCTEMbl MaTEpUATBHBIX TOUCK: B
uco AE_. =A+A, +..
1.4.7 [ToTeHITMaNBHAS YHEPTUS:
IJIA TIOTCHIUAJIbHBIX CUJT A12 = E1n0TeHu - EZHOTeHu = _AEHOTeHu .
[ToTeHnmanpHas HEPrus MaTepUaJIbHON TOYKH B OJHOPOJHOM IIOJIE TSDKECTH:
EHOTeHu = mgh
[ToTeHnmanpHas 3HEPrUs ynpyro aeopMUpPOBAHHOTO Teja:
2
kx
MOTEHIl 2
1.4.8 3aKOH U3MEHEHHUS U COXPAaHEHMSI MEXaHUUYECKON SHEPIrUu:
EMCX = EKI/IH + EHOTCHH!
B 1CO AEMex = ABcex HEMOTEHIL. CH »
B 1ICO AEMex = O , €CJIN Agcex HETOTEHIL. CHJI — 0
15 MEXAHUYECKUE KOJIEFAHUSA U BOJIHBI
151 l'apmonnyeckune kosnebaHusl MaTepHalbHOM TOUKM. AMIMTYZa U (asa

kose0aunii. Kuuemartnueckoe onrcanue:

x(t)=Asin(ot+¢,),

Ux(t):Xt',

a, (t) = (Ux )t = —OJZX(t) =a, + ’X=0 ,TJIe X — CMELICHHE U3 MTOJIOKECHHS

paBHOBECHS.

JlnHaMuyeckoe onucaHue:

2
max = -kx, rae K = M®” . D1o 3uauur, uro Fx = -kx.

DHepreTuuecKoe OMMCcaHue (3aKOH COXPaHEHHs MEXaHUUECKON SHEPIUH):
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mo? kx? mu? 2

+ = —M = = const
2 2 2 2

CBs13b aMILIUTYIBI KOJICOAHUH CMEIICHUS MAaTEPHAILHONW TOYKH C aMIUIMTYIaMH
KoJieOaHUI €€ CKOPOCTH U YCKOPEHHUSI:

Umax :OJA1 amax :O)2A

152 2 1
[Teprox u yacroTa KoneOAHUIA: T=—=—,
@ v
[lepron  ManmbIX CBOOONHBIX  KOJICOAHWHW  MAaTeMaTUYeCKOro  MasTHUKA:
I
T=2n |—.
g
. m
Tepron cBOGOIHBIX KOTEOaHHiT MPYKHHHOrO MasTHHKa: | = 21T, [—
1.5.3 Brinyxnennsie konebanus. Pesonanc. PesonancHas kpuas
154 [Tonepeunblie U poaoabHBIE BOIHBL. CKOPOCTh pacCpOCTPaHEHUs U JJIMHA BOJIHBIL:
1y
A=vl =—
v
WnTepdepennus u audpaxius BoJIH
155 3ByK. CKOpPOCTh 3ByKa
2 MOJIEKYJIIPHAS ®U3UKA. TEPMOJAMHAMUKA
2.1 MOJIEKYJISIPHAS ®U3UKA
211 Monenu cTpoeHus ra3oB, )KUIKOCTEH U TBepAbIX Tel. [lycTh TepmonnnaMuyeckas
cucreMa (Teno) cocTout u3 N 0IMHAKOBBIX MOJIeKyJl. Toraa KoIMuecTBO BelecTBa
N m
vV=——=—
N, u
rae Na — umcio ABorajapo, m — macca cucteMbl (Tema), M — monspras macca
BEIllECTBA
2.1.2 TernnoBoe ABUKEHHE aTOMOB U MOJIEKYJI BEIIECTBA
2.1.3 B3anmoneiicTBHe yacTull BeleCcTBa
21.4 Hudodysus. bpoyHoBckoe aBmxeHne
215 Monens naeansHoro raza B MKT
2.1.6 CBs13b MEXY JaBJICHUEM U CPEAHEH KMHETHYCCKON SHEPruei MmocTymaTeIbHOro

TETJIOBOTO JIBUYKEHHS MOJIEKYJI HlealbHOro rasa (ocnoBHoe ypaBHeHue MKT):
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1 = 2 (mp?) 2
p= 5 m,nv- =—n- =—-N-& .. , e mpo— Macca OXHOM MOJICKYJIbI,

3 2 3
N

N=— _ xounenrpanus MOJIEKY I

\Y

217

AbcomoTHas Temneparypa: T =t°+ 273 K

2.1.8

CBs3b TEMIICPATYPbI I'a3da CO cpe)]Heﬁ KHHETHY eCKOU BHCPFHCﬁ NOCTYIATCIBbHOI'O
TCIIJIOBOT'O ABHUXKCHU €TO MOJICKYIIL:

_ 2
gl'IOCT = mOU = E kT
2 2

2.19

VYpaBuenue p = nkT

2.1.10

Mogens uaeanpHOro raza B TEPMOINHAMUKE!

{ypaBHeHI/Ie MenpaeneeBa — Knaneiipona

Bripaxkenue 1ist BHyTpEHHEN SHEPTUN

VYpaBuenue Menneneena — Kianeiipona (nmpuMeHuMbie (OpMBbI 3aIIHCH):

oV =L RT = vRT = NKT_ o= PRT
m m

BrlpaxkeHne 118 BHYTpEHHEH »SHEpPruud OJHOATOMHOIO HAEAIBHOrO Tasa
(mpumeHnMbIe HOPMBI 3aMUCH):

U =2WRT =2 NkT = 2RT = ve,T =2 pv
2 T2 2

2p

2111

3aKoH ,HaJ'II)TOHa JJIA 1aBJICHUA CMECHU PA3PCIKCHHBIX I'a30B!:

P=p1+pz2+..

2.1.12

I/Isonpoueccm B Pa3spCKCHHOM TIa3C¢ C IOCTOAHHBIM 4YHCIIOM MOJICKYJI N
(C IOCTOAHHBIM KOJIMYCCTBOM BCUICCTBA vV ):

uzorepma (T = const): pV = const,

P _
uzoxopa (V = const): ? = const |

V —
u306apa (p = const): T° const

I'paduueckoe nmpeacraBienue u3omnporecco Ha pV-, pT- u VT-nnarpammax.
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OOBenMHEHHBIN Ia30BbIi 3aK0H:

ﬂ = const
T

JJIA ITIOCTOSTHHOI'O KOJIMYECTBA BCIICCTBA v

2.1.13 | HacbllieHHbIe U HEHACHIIIEHHbIe TTapbl. KauecTBeHHAas 3aBUCHMOCTh TIOTHOCTH
U JIaBJICHUS! HACBHIIIEHHOTO Tapa OT TeMIEpaTyphl, UX HE3aBHCHUMOCTh OT 00BbeMa
HACBIIICHHOT'O Mapa

2.1.14 | Bna)xHOCTb BO3IIyXa.

_ pnapa (T ) _ pnapa (T )
OtHocHuTenbHas BIaxHOCTh: P = T = T
pHacmm. napa ( ) p HACBII. TTapa ( )

2.1.15 |V3MeHeHHWE arperatHbIX COCTOSIHHI BEIISCTBA: HWCIAPCHHE ¥ KOHJCHCAIuS,
KHTICHUE KUIKOCTU

2.1.16 |VI3MeHeHHE arperaTHbIX COCTOSIHUN BENIECTBA: IIJIABJICHUE U KPUCTAJUTN3AIIHS

2.1.17 |IIpeobOpa3zoBanue 3Hepruu B (ha30BBIX MEpexoaax

2.2 TEPMOAVMHAMUKA

221 TemnoBoe paBHOBECUE U TEMIIEpaTypa

222 BuyTtpennsisi sneprus

2.2.3 Tennonepenaya kKak crocod M3MEHEHUS BHYTPEHHEH SHEpruu 0e3 COBEpIICHHUs
paboTel. KoHBEKIMS, TENIONPOBOIHOCTD, H3ITYICHUE

224 KonuuecTtBo TennoTsl.
VY enpHas TEIIOEMKOCTh BEIECTBA C: Q=cmAT

2.2.5 | YnenpHas Temnora nmapoodpasoBanus L: Q = Lm.
Y 1e/nbHAS TEIUIOTa MIABICHHS A : Q=Mm,
VYaenpHas TemoTa Cropanus Tommsa q: Q = qm

2.2.6 OneMeHTapHas paboTa B TEPMOJMHAMHKE: A= pAV . Berumciienue paboTh
no rpaduky mporecca Ha pV-quarpamme

2.2.7 [IepBbIil 3aKOH TEPMOIUHAMUKU:

Q, =AU, + A, :(Uz _U1)+ A,.

Anmnabara:
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le =0= A12 :U1 _Uz = _AU12

2.2.8

Bropoii 3akon Tepmoaunamuku. HeoOpatumeie mporiecchbl

2.2.9

ITpunuune! AeiicTBUs TermioBbix MamuH. KITJ;

n — Asa KT QHarp - |Qx0n — 1_ |onn

QHarp QHarp QHarp

2.2.10

Maxkcumanbaoe 3Hauenne KITJI. Hukn Kapuo:

_ _ THarp _Txon _ TXOH
max n= nKapHo - T - T

Harp Harp

2211

VYpaBuenue TermioBoro 6amanca: Q1+ Q2+ Q3 +...=0

OJIEKTPOJJUHAMUKA

3.1

OJIEKTPMYECKOE ITOJIE

311

DneKTpu3anys Tel U €€ NpOsIBICHUS. DJIEKTpUUYeCcKui 3apsa. [IBa Buaa 3apsna.
DJIEMEHTapHbIA AJIEKTPUYECKUNA 3apsil. 3aKOH COXPAHEHHS DBIECKTPUUYECKOIrO
3apsza

3.1.2

B3aunmopeiictBue 3apsaoB. Toueunsie 3apsaasl. 3akoH Kynona:
B OIHOPOJIHOM BEIIECTBE C AUIIIEKTPHUECKON NPOHUIIAEMOCTBIO ©

'|q2| _ 1 _|q1|'|q2|

2

F Lo

er’ dnee, I

3.1.3

Onexkrpuueckoe noje. Ero nelicTBue Ha 351eKTpudecKue 3apsiibl

3.14

—

Hal’IpH)KCHHOCTB SJICKTPUYECKOI'O IT0JIA: E =
qnp06m,1ﬁ

E =kJ
[Tone Toueunoro 3apsana: &y = r_z

—

onHoposaHoe none: E = const .

KapTunbsl TMHUN HANIPS>)KEHHOCTHU 3TUX TOJIEH

3.15

HOTGHHH&HBHOCTB QJICKTPOCTATHYCCKOI'O ITOJIA.

Paznoctn IMOTCHIIMAJIOB U HAIIPSIKCHHUEC!

A, :q((Pl_(Pz):_qA(P:qU .
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IloTenmuanpHas OHEPrud 3apsaa B 3JICKTPOCTATUYICCKOM I10JIC:

W=qo
A=—-AW

W
[MoTennuan anekTpocTaTuyeckoro nojs: P = E .

CBsi3p HANpPsHXKEHHOCTU IMOJAsS W PAa3sHOCTM MOTEHLHMAJIOB JUIsl OAHOPOJHOIrO
anekrpocratudeckoro nosst: U= Ed

3.16

[IpuHIUI Cyneprno3uuuy dIeKTPUIECKUX MOJIEH:

— —

E=E+E,+.., 0=0,+0, +...

3.1.7

[IpoBogHMKM B DIEKTPOCTATHYECKOM  IOJIe.  YCIOBUE  pPaBHOBECUS
r
3apAfoB: BHYTPM IPOBOJHMKA [ —(), BHYTpU U Ha IOBEPXHOCTU

nposoguuka P = const

3.1.8

JIMDIeKTPUKH B JNIEKTPOCTATHYECKOM Moiie. JIu3IeKTpudeckas MPOHUIAEMOCT
BelecTsa ©

3.1.9

a

Konnencarop. D1eKTpOEMKOCTh KOHJEHCATOpa: C=

DNEeKTPOEMKOCTb IJIOCKOI'0 KOHAEHCATopa:! C= d = 8Co

3.1.10

HapaJ'IJ'ICJ'IBHOG COCIMHCHUEC KOHIACHCATOPOB:

g=Qu1+ 2+ ..., Ui=U2=..,, Chapan = C1 + C2 + ...

ITocnegoBateabHOE COCAUHEHUE KOHACHCATOPOB:

1 1 1
UsUi+ Ut i==. ¢ o
1 2

Toca

3.1.11

qU Cu?® ¢°
2 2 2C

Dueprus 3apsukeHHoro konaencaropa: We =

3.2

3AKOHBI [IOCTOAHHOI'O TOKA

321

AQ
Cuna Toka: | = . Ilocrosauuseli Tok: I = const

At At—0

Jns mocTositHHOrO TOKA = It
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3.2.2

VYcinoBus CylEecTBOBaHUS IEKTPUUECKOrO TOKA.
Hanpsoxenne U u DJIC E

3.2.3

U

R

3akon Oma 11 yyacTka I1eTu: | =

3.2.4

SHGKTpI/I‘IeCKOC COIMPOTHUBIICHUC. 3aBHCHMOCTh COIMIPOTHUBJICHUA OJHOPOJHOTI'O
IIPOBOJHUKAa OT €ro AaJMHblI HW  CCUCHU. y,[[eJIBHOG COIIPOTHUBJICHUC

S

BEIECTRA. R=p

3.25

ACTOpOHHI/IX cul

q

Hcrounnku Toka. 3J1C UCTOYHUKA TOKA: E=

BHYTpeHHee COIIPOTUBJICHUEC NCTOYHHUKA TOKA

3.2.6

3akoH Oma JuId MOJHOM (3aMKHYTOH) 3JIGKTPUYECKOU E.r
3

E 1

emu: E = IR + Ir, oTkyna | = T R
0 YA Rar

3.2.7

HapaJ'IJ'ICJ'II)HOG COCOAMHCHUEC ITPOBOAHNKOB:

1 1 1

= = = — = +t—=—+..
I I]_ + |2 + rany U]_ U2 ceny R Rl R2 .

mapant

HOCHCI[ OBAaTCJIbHOC COCANHCHUC ITIPOBOAHNKOB:

U=U+Ux+.., li=12=. ,Riocs=R1+R2+ ...

3.2.8

Pabora anexkrpuueckoro Toka: A = [Ut.

3axon Jxoyna — Jlenna: Q = I°Rt.

U2
Ha pesucrope R: Q = A= I°Rt = Ut :Ft

3.29

_MA

= =1U
At At—0

MomHocTb QJICKTPUUICCKOI'O TOKaA: P

U2

2
TemmoBas MOIIHOCTDB, BbIACIIEMAA HAa PE3UCTOPE: P = I R == IU .

MoIIHOCTE HCTOYHHKA TOKA: PE
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3.2.10 |CBoOomHBIE  HOCHTENH  JJCKTPUYCCKHX  3apsjoB B IMPOBOJHUKAX.
MexaHu3MBl TPOBOAMMOCTH TBEPABIX METAJUIOB, PACTBOPOB H PACIIABOB
3JEKTPOIUTOB, Ta30B. [lomynpoBoauuku. [1oynpoBOAHUKOBBII KO

3.3 MATHUTHOE ITOJIE

3.3.1 MexaHnueckoe B3aMMOJEWCTBME MArHuTOB. MarHutHoe 1mone. Bektop
MarHUTHOM WHIYKIINH. [MpuHIHT CYTIEPIO3HUIIHH MarHUTHBIX
noneii: B = Bl + 82 +...

JIMHMM WHIYKIMKM MArHUTHOrO Tojisi. KapTuHa JIMHWUH WHIYKIIMH MarHATHOTO
HOJIS TTOJIOCOBOT'O M ITOIKOBOOOPA3HOTO MOCTOSIHHBIX MarHUTOB

3.3.2 Oneir Opcrena. MarHuTHoe Mose NPOBOAHMKA ¢ TOkoM. KapTuHa nuHui
WHAYKIAA MarHATHOTO TOJS JJIMHHOT'O TPSIMOrO IMPOBOJHUKA M 3aMKHYTOTO
KOJIBIIEBOT'O IIPOBOAHMKA, KATYIIKH C TOKOM

3.3.3 Cuna AMriepa, ee HanpaBlICHUE U BEITMYHMHA:

Fa = IBl sino, , rne & — yrom Mexmy HampaBaeHMEM IIPOBOJHHKA
v Bektopom B

3.34 — i
Cwuuta JlopeHiia, ee HarpaBJCHHUE U BEJINYNHA! Fnop = |q| VBSING rpe & —yron
Mexy Bektopamu U u B . JIBmkenue 3apsikeHHOM YacTHIBI B OJHOPOIHOM
MarHUTHOM I10JI€

3.4 DJIEKTPOMATHUTHAS NHAYKIUA
34.1 IToToK BEKTOpa MAarHUTHOW MHIYKLIUHU: 7 ? B
7
®=B,S=BScosa
3.4.2 SBnenue snekTpomMarauTHOU MHAYKUUK. D/J]C HHAYKIINN
34.3 3aKoH 3JIeKTpoMarHuTHOU nHAyKuuu dapanes:
AD :
Ei=——+ =-,
At At—0
344 OJIC uHIYKIMHU B IPSIMOM MPOBOTHUKE

"

JUTMHOM |, IBMKYIIIEMCS CO CKOPOCThiO U

(U L1 ) B OJIHOPOJTHOM MarHuTHOM I1oJe B: / 7

i
)
4{_.

—

|Ei | =Blvcosa e o - yroJ Meky BekTopoM B u Hopmassio N k

TLIOCKOCTH, B KoTopoii exaT Bektopsl | n U ;eecm | L B u O 1L B,
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10 |Ei| =Blv

345

IIpaBuiio Jlenna

3.4.6

o

NHIyKTUBHOCTB: L=— , i @ = LI.

_LA_l =—LI.
At At—0

Camounnnykius. J/IC camonnaykuun: s — t

34.7

u
2

9Hepr1/151 MAromMTHOI'O ITOJII KaTYIOIKH C TOKOM: WL =

3.5

OJIEKTPOMAT'HUTHBIE KOJIEBAHW 11 BOJIHBI

351

Konebatenbubiii KoHTYp. CBOOOAHBIE STIEKTPOMArHUTHBIE
KoJieOaHMsl B UI€aTbHOM KOJIE0aTeIbHOM KOHTYDE: I

q(t):qmax Sin(®t+(p0)
| (t) =0, = 0q,,, cos(oat+(p0) = Imaxcos(oat+(p0)

21 1

T = 274/ N=—-=—
®opmyna Tomcona: 1 =27+ LC | otkyna T \/E :

CBs3b AMIIMTYIbl  3apsJia KOHJACHCATOpa C aMHHHTYHOﬁ CHJIBI TOKa
Ipu CBO60}IHI)IX QJICKTPOMArHuTHBIX KOJIEOaHUSX B nJacaJbHOM K0Je0aTeIbHOM

max

KOHTYp€: q max

3.5.2

3aKoH COXpaHCHUA SHEPIrun B HACAJIbHOM KoJIe0aTeIbHOM KOHTYpC:

CU2+LI2 _Ccu’.,, LI?,

& = const .
2 2 2

3.5.3

BrIHyXICHHBIC 2JICKTPOMarHuTHhIE KosieOaHus. Pe3oHaHc

354

ITepemennsbiii Tok. [Ipom3BoaCTBO, mepenadya W MOTPEOJICHHE 3JICKTPUYECKOU
SHEpPruu

3.55

CBoiicTBa DJIGKTPOMAarHMTHBIX BOJH. B3auMmHas opueHTanuss BEKTOPOB

B JIeKTPOMarHuTHoM Bonue B Bakyyme: E | B L C

3.5.6

[IIkasa >JIEKTPOMATHUTHBIX BOJH. I[IpUMEHEHHE 3JIEKTPOMArHUTHBIX BOJH
B TEXHUKE U OBITY
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3.6

OIITHUKA

3.6.1

[IpssMonuHetHOE pacmpoCTpaHEHUE CBETa B OAHOPOAHOM cpeae. TouyeuHbld
MCTOYHUK. JIyd cBeTa

3.6.2

3aKkoHbI oTpaxkenus ceera. O = p
alp

S S

3.6.3

HOCTpoeHI/Ie H306pa>KeHHﬁ B IIJIOCKOM 3€CpKaJIic

3.6.4

3aKOHBI IpCJIOMIICHUA CBCTA.

Ipenomnenue ceera: ySIN 0=, sinf3
AOCOMIOTHBIN MOKa3aTeNb IPETOMIICHUS:

n, u
OTHOCHTEIIBHBIN TOKA3aTEIIb IPEIOMIICHUS N = n_ U
1 2

Xoj Jiy4ye B Ipru3Me.
CooTHOLIEHME 4YacTOT MW  COOTHOIIEHWE JUIMH BOJH THIpU  IEpexone
MOHOXPOMAaTHUYECKOI'0 CBETA Yepe3 IPaHMIly pa3zesa IBYX ONTUYECKUX CPeN:

v, =V, N =N,

3.6.5

[TomHOE BHYTpEHHEE OTPAKEHHUE.
IIpenenbHbIi  yrojl IIOJHOTO BHYTPEHHErO Ny<my n,
OTpaXkECHUA:

: 1 n,
sina, ) =——=—*=
nl

OTH

3.6.6

CoOuparone u pacceuBaronive JUH3bl. TOHKas JrH3a. DOKYCHOE paccTOsIHUE

1

1 ONTHYECKas CHja TOHKOM JIMH3HI: D =—

F

3.6.7

®opMya TOHKOH JIHH3BIL: d

1,1 1 H F

d f F NNy

VBendenne, 1aBaeMoe JMH30M: I

_ﬂ_m v
H d

r
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B ciyuae paccenBaronieit IMH3bI:

D<0:>F=i<0
D ,

F:L:m<1
H d

3.6.8

Xon Jiy4a, MPOLIEANIEro JWH3Y MOJA MPOU3BOJBHBIM YIJOM K €€ TJIaBHOU
ontuuyeckoir ocu. IlocTpoenne wu300pakeHUN TOUKM M OTpe3Ka MPSMOM
B 006Hpa}omux " paCCCHUBAIONINX JIMH3aX U UX CUCTCMaAx

3.6.9

doroamnmapaT Kak onTH4ecKuii mpudop. ['na3 kak onTuyeckas cuctemMa

3.6.10

Wntepdepenunst cBera. KorepeHTHble HCTOYHUKU. YCIOBUS HAOIIOJCHUS
MaKCUMYMOB U MUHUMYMOB B UHTEP()EPEHLIMOHHON KapTUHE OT IBYX CHH(}a3HBIX
KOT€pPEHTHBIX UCTOYHUKOB!

A
MaKCHUMYMBbI — A= ZmE ,m=0,+/-1,+/-2,+/-3, ...,

A
MUHHUMYMBI — A= (Zm +1)E ,m=0,+/-1,+/-2,+/-3, ...

3.6.11

Hudpakuus cBeta. udpakiuroHHas penierka. Y CloBUE HAOIOJACHHS TJIaBHBIX
MaKCUMYMOB TIPH HOPMallbHOM MaJeHUH MOHOXPOMATHYECKOTO CBETA C JJIHMHOMN

BOJIHBI A Ha pelIeTKy ¢ nepuoaom d:

dsing, =M\ m=0 +/-1 +/-2, +/-3, ..

3.6.12

Hucnepcus ceera

KBAHTOBAS ®U3UKA

4.1

KOPITY CKYJIAPHO-BOJIHOBOU JIV AJIU3M

411

I'mnore3a M. Ilnmanka o kBanTax. ®opmyna Ilnanka: E=hv

41.2

_hc_

c
xp.

®oromsr. Dueprus dorona: E = v

E hv h

Unvmnynse porona: P = c =

413

®oroadpdext. Onbitel A.I'. CtoneroBa. 3akoHbI poTodddexTa

414

VYpaBuenue DiiHmTeHa s poTodrdhdexra:

E(bomHa = ABLIXOI[a + EKI/IH maxs
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hc hc 2
rae Eqmona =hv = 7 Asblxona = hVKp = 9\‘_ E = MV =eU

’ ! KMHMax 2 3am
Kp

4.1.5

JaBnenue cera. JlaBiieHue CBETa Ha MOJHOCTHIO OTPAKAIOUIYIO TTOBEPXHOCTh H
Ha MOJTHOCTHIO MOTJIOMIAIOIIYIO TOBEPXHOCTD

4.2

OU3NKA ATOMA

421

[InanerapHas moaess aTomMa

422

IMocrynater bopa. M3nyuenne u moriomeHne (OTOHOB NIpH IEpexoie aroMa
C OJTHOTO YPOBHS SHEPIUH HA IPYTOu:

hv :E

mn

:|En_Em|

mn

4.2.3

JIvuHeituatpie COEKTPHI.

CriekTp ypOBHEH PHEPrUU aToMa BOJOpPOJIa:

_ -13,6°B

E, — 7 =123

4.3

OU3NKA ATOMHOI'O A/IPA

43.1

Hyxnonnas mozxens siapa I'elizen0epra — MiBaneHko. 3apsn sapa. MaccoBoe 4ncio
anpa. M3otomnsl

43.2

Pa}lHoaKTI/IBHOCTB.

A A4 4
Ansga-pacnax; z X =7, Y +,He,

bera-pacnan.

A A 0 ~
DIIEKTPOHHBIN B-pacman: ;X =7, Y+ e+v,.

A A 0 5
IT03UTPOHHBI B-pacman: ;X =7, Y+ _€+v,.

lN'amma-n3nyuenue

433

t
3aKoH paguoakTUBHOrO pacnaga: N (t) =N 0 2T,

t
[TIycte m — Macca painOakTUBHOrO BellecTBa. Torma m (t) =m,- 27

434

SAnepHble peakuuu. JleneHue u CUHTE3 saep
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