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OenepanbHas paboyass mnporpamMma 1Mo ydyeOHOMYy Tmpeamery «Dusnkan
(yriyOsieHHbIH ypoBeHb) (mpenMeTHast 00sacTh «EcTecTBeHHO-HAyYHBIE MPEAMETHI»)
(anmee COOTBETCTBEHHO — MporpaMma o (pusuke, PU3nKa) BKIIOYAET MOSCHUTEIbHYIO
3allUCKY, COJEpX)aHHe OOydeHUs, IJIAaHHpPyEeMbIe pe3yJbTaThl OCBOCHHUS MPOTPAMMBbI
no (u3MKe, TEMaTHYECKOE IIAHUPOBAHUE, MepedyeHb (KOAUu(UKATOp) MPOBEPSEMBIX
TpeOOBaHWII K pe3ylbTaTaM OCBOSHHUS OCHOBHOM 00pa3oBaTeNbHOW MPOTPaMMbI
cpemHero o01ero 0opa3oBaHus U AIEMEHTOB COEpKaHUs 10 (HU3UKE.

[TosicHuTenbHast 3aMMcKa OTpaXxKaeT OOIIHe 1eNU U 331a4u (PU3UKHU, XapaKTEPUCTHKY
NICUXOJIOTUYECKUX MPEANOCHIIOK K €€ M3YYEHHIO 00Y4YaIoLUUMUCs, MECTO B CTPYKTYpe
y4eOHOro IjlaHa, a TakKe MOIXOAbl K OTOOpY COJEp)KaHHsA, K OIpeleIeHHI0
TUTAHUPYEMBIX PE3YJIbTATOB.

Copepxanue o00y4yeHHUsI PpaCKpbIBAE€T COJAEp)KATEJIbHbIE JIMHUM, KOTOpHIE
npeaaraloTcs A 00s13aTeIbHOTO U3YYEeHHsS] B KaXKJIOM KJacCe Ha YPOBHE CpPEIHErO
o01ero oo6pa3zoBaHusl.

[Inanupyembie pe3yabTaTbl OCBOCHUSA MPOTpaMMbl MO (PU3MKE BKIIOYAIOT
JUYHOCTHBIE, METalpeIMETHbIE pEe3yabTaThl 3a BeCh Nepuojl OOydyeHHUs Ha YpOBHE
cpeaHero oOmero oOpa3oBaHMs, a TAKXKE MPEIAMETHBIC JOCTIXKEHUS O0ydJaromierocs
3a KaXJIbIil Tof 00y4YeHUsI.

HOACHUTEJIBHASA 3AITIUCKA

[Iporpamma mo (u3uke Ha ypoBHE CpeaHEro odmero oopa3oBaHuUs pa3zpaboTaHa
HAa OCHOBE TIOJOXEHUH W TpeOoBaHWUA K pe3yJbTaTaM OCBOCHHS OCHOBHOM
oOpa3zoBaTenpHONU TporpamMmbl, mnpeactaBieHHbx B PI'OC COO, a Takke ¢ yd4eToMm
benepanpHOI pabouei mporpaMmbl BociuTaHus 1 KoHieniuuy npenojjaBaHus yaeOHOro
npeamera «®uszukay B 00pa3oBaTeNbHBIX opraHuzanusx Poccuiickont denepanum,
peai3yIoNIMX OCHOBHBIE 00pa30BaTeNIbHbIE TPOI'PAMMBI.

[Iporpamma no ¢usuke onpeaenser o0sA3aTeNbHOE MPEIMETHOE COJepKaHUeE,
YCTaHABIIUBAET PEKOMEHAYEMYIO IIOCJIEIOBATEIbHOCTh HU3YYEHHS] TEM U Ppa3liesioB
y4e0HOT0 MpeaMeETa ¢ y4eTOM MEKIPEIMETHBIX U BHYTPUIIPEIMETHBIX CBS3€H, JIOTUKU
y4e0HOT0 TIpoIecca, BO3pacTHBIX 0coOeHHOocTel oOydaronuxcs. [Iporpamma o dusnke
JAeT MPEJCTABICHUE O IEJSX, COACPKAHUH, OOIIEH CTpaTeruu 00yUeHUsI, BOCITUTAHUS
U pa3BUTHS 00 y4aIOIIUXCS CPEJCTBAMH yueOHOTro npeamera «Pu3nKka» Ha yriyoIeHHOM
YpOBHE.

N3ydenue xypca GU3MKU yriIyOJIEHHOTO YPOBHsSI MO3BOJISIET pealii30BaTh 3a/1ayuu
npodecCuOHaNbHOM OPUEHTAIIMH, HAMIPABJICHO HA CO3/IaHME YCJIOBUH IS MPOSBICHUS
CBOMX WHTEJUICKTYaIbHBIX U TBOPYECKUX CIIOCOOHOCTEH KaXKIbIM OOYyJaromumcs,
KOTOpbI€  HEOOXOIWMBI  JIJIi  MPOAOJDKEHHMs  0o0pa3oBaHUsSI B OpraHU3aIUAX
podeCcCroHaTBLHOTO oOpazoBaHusi MO  PA3TUYHBIM (bUBUKO-TEXHUYECKUM
Y MHXKEHEPHBIM CIIEIUATbHOCTSIM.
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B mnporpamme no ¢usuke onpenensroTcs IJIAHUPYEMbIE PEe3ybTaThl OCBOCHMS
Kypca (U3MKH Ha YpPOBHE CpelHero oOumero oOpa3oBaHMs: JIMYHOCTHBIE,
MeTarnpeIMeTHbIE, IpeaAMETHbIE (Ha yriyOJeHHOM ypoBHE). HayuHo-MeTomom0ornyeckon
OCHOBOM 151 pa3pabOoTKH TpeOOBaHUI K IMYHOCTHBIM, METAPEAMETHBIM U PEAMETHBIM
pe3ysbTaraM O0y4arolUXCs, OCBOMBIIMX MPOrpaMMy MO (PU3HKE HA YPOBHE CPEIHETO
o01ero 0opa3oBaHusl Ha YIJIyOJI€HHOM YpPOBHE, SIBJIIETCSI CUCTEMHO-IEATEIbHOCTHBIN
IIOAXOM.

[IporpamMma o pu3MKe BKIIOYACT:

IUIaHUPYEMBIE PE3YJIbTaThl OCBOEHUS Kypca (PU3UKU Ha YrTyOJI€HHOM YPOBHE, B TOM
YHCIIe PEAMETHBIE PE3yIbTaThI 110 ro1aM 00Yy4eHHUS;

cofepxanue yueOHoro npeamera «dusnkay 1o rojgam o0y4eHus;

TEMaTUYECKOE MIIAHUPOBAHUE 10 ToAaM 00y4YeHMs;

nepedeHb (KoaudukaTop) MpoBEepseMbIX TpeOOBaHHMI K pe3ysibTaTaM OCBOEHUS
OCHOBHOW 00pa30BaTEIbHONW MPOrpaMMBbl CPETHErO O0IIEero 00pa3oBaHUs U JIEMEHTOB
cofiepKaHusi o (pU3MKe.

[Iporpamma o pusrKe UMEET MPUMEPHBIN XapaKkTep U MOXKET OBITh UCIIOIb30BaHa
YUUTEISIMU (DU3UKH JJIs1 COCTABJICHHS CBOMX pabovMX Mporpamm.

[Iporpamma 1o (u3mKe MperocTaBIsieT BO3MOKHOCTH ISl peaIh3alii Pa3InuHbIX
METOJUYECKMX TMOAXOAOB K IMPENoAaBaHUI (U3UKM Ha YIrIIYyOJIEHHOM YpOBHE
IIPU YCIIOBUH COXpaHEHUs 0053aTeIbHON YacTU COJIepKaHus Kypca

®duzuka Kak Hayka o HauOosiee OOLIMX 3aKOHAX MPUPOAbI, BBICTYyHAsi B KauecTBE
y4e0HOro MpeAMeTa B IIKOJE, BHOCUT CYILIECTBEHHBIM BKJIAJ B CHUCTEMY 3HAHUI
00 okpyxatomieM wmupe. LlkonbHbI Kypc GU3MKH — CHUCTEMOOOpPA3yIOIIMA
JUTSl €CTECTBEHHO-HAYYHBIX Y4EOHBIX MPEIMETOB, IOCKOIbKY (PU3MUECKUE 3aKOHBI JIeKAT
B OCHOBE MPOIECCOB W SBJICHUW, H3y4aeMbIX XHMHUEH, Ouonorueil, ¢uznueckou
reorpadueil U actpoHoMuer. Vcmonb30BaHWE W aKTHBHOE NMPUMEHEHHE (HU3HYCCKUX
3HAHUH OIpPeNEeInIo XapakTep U OypHOe pa3BUTHE pa3HOOOPa3HbBIX TEXHOJIOTUI B cepe
DHEPreTUKH, TPAHCHOPTa, OCBOEHUS KOCMOCA, MOJIYYEHUSI HOBBIX MaTEpHAIIOB
C 3aJ]aHHBIMU cBOMcTBamMu. 3yuenue Gpu3uku BHOCUT OCHOBHOM BKJIa1 B (HOPMUPOBAHHE
€CTECTBEHHO-Hay4YHON KapTUHbI MHUpa oOydaromierocs, B (opMHUpOBaHHE YMEHUH
IPUMEHATh HayYHbIM METO/1 TO3HAHUS IIPU BBIIOJIHEHUH UMHU Y4€OHBIX UCCIIEAOBAHUM.

B ocHOBY Kkypca (pu3nku Ha ypoBHE CpeqHEro o0uiero o0pa3oBaHus MOJIO0KEH Pl
U7, KOTOPBIE MOKHO PACCMAaTPHUBATh KaK IPUHLIUIIBI €I0 TOCTPOCHUS.

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

Hoesn zenepanuzayuu. B cooTBeTCTBUM C HEW MaTepuan Kypca GU3UKH 00beIMHEH
BOKpPYr (¢u3umdeckux Teopud. Begymmm B Kypce sBisgercs (opMupoBaHue
IIPEJICTABIICHN O CTPYKTYPHBIX YPOBHSIX MaTepuu, BEUIECTBE U TOJIE.

Hoes cymanumapuzayuu. Peammzauus wuaed MNpeANosaraeT HMCHOJIb30BaHUE
TYMaHUTAPHOTO MOTEHIMaNa (pU3n4eckol HayKu, OCMBICIICHUE CBSI3U Pa3BUTHUS (DU3HKHU
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C pa3BUTHEM OOIIECTBAa, a TaKXKe C MHPOBO33PEHUECKUMHU, HPABCTBEHHBIMU
U DKOJIOTHYECKUMU MTPoOIeMamu.

Hoes npuxnaonoii nanpasnennocmu. Kypc ¢usnky yriyOJIEGHHOTO YpOBHSA
MPENIoiaraeT 3HAKOMCTBO C IIMPOKUM KPYrOM TEXHHUYECKHUX M TEXHOJOTMYECKHUX
MPUJIOKEHUM U3YYEHHBIX TEOpUU M 3aKOHOB. IIpym 3TOM paccmaTpuBarOTCS HAa YpOBHE
OOIIUX MPEACTABICHUN U COBPEMEHHBIE TEXHUYECKHUE YCTPONUCTBA, U TEXHOJIOTHH.

Hoes 3xkon102uzayuu peazyeTcst TOCPEICTBOM BBEICHUS dJIEMEHTOB COJIEP)KaHUS,
MOCBSIIIICHHBIX  DKOJIOTHYECKUM TMpoOJieMaM COBPEMEHHOCTH, KOTOPHIE CBSI3aHBI
C pa3BUTHEM TEXHUKH U TEXHOJIOTHUM, a TaKXKe OOCYXKIACHHS MPOOJIEM PaIrliOHAIBLHOTO
IPUPOJIOTIONH30BAHMS M SKOJIOTMUECKOM 0€30acHOCTH.

OcBoeHME  COAEp)KaHWS  MpPOrpaMMbl 1O  (U3HKE  JOHKHO  CTPOMUTCS
Ha MPUHIUIIAX CUCTEMHO-IEATEIbHOCTHOrO moaxona. s ¢u3uku peanuszanusi 3TUX
NPUHIIMIIOB 0a3upyeTcss Ha MCHOJb30BAHMHM CaMOCTOATEIBLHOIO SKCIEPUMEHTa Kak
MOCTOSIHHO JIeHcTBYoIero ¢akropa yueOHoro npoiecca. s yriay0iaeHHOro ypoBHs —
TO CHUCTEMA CAMOCTOSITEJIbHOINO YUYEHHYECKOIOo JKCIEPUMEHTa, BKIIOYAIOIIETO
(bpoHTaTbHBIC YYCHUYECKHE OMBITHI TIPH M3YYCHUU HOBOTO MaTepuaia, JJabopaTopHbIe
paboTel U paboThl TpakTHKyma. [Ipm 3TOM BO3MOXHBI JABa crocoba peain3anuu
¢uznyeckoro mpakTuKyma. B mepBoM ciiydyae MpakTUKyM HPOBOAMTCA JUOO B KOHIIE
10 u 11 knaccos, 1100 MOCTE MEPBOTO U BTOPOTO MOJIYTOJUN B KaXKIOM U3 ITHX KIJIACCOB.
Bropoii crioco® — 310 uHTEerpaius padoT NpakTUKyMa B CUCTEMY J1a0OpaTOPHBIX padoT,
KOTOpBIE MPOBOMSITCS B MpoIiecce u3ydeHus paszzaena (temsl). [Ipu aTom nox padboramu
MPAKTUKyMa TIOHUMAETCS CaMOCTOSITEIbHOE MCCIEIOBaHUE, KOTOPOE MPOBOIUTCS
10 PYKOBOJICTBY CBEPHYTOT0, 0000IIIEHHOTO BHia 0€3 MOIIaroBOi HHCTPYKIIUH.

B mporpamme mo ¢usnke cucreMa Y4eHHUECKOTO IKCIIEPUMEHTA, TaOOpaTOPHBIX
paboT M MpaKkTHKyMa TpEJCTaBlicHA SIUHBIM IepeuHeM. BuIiOOp TemaTwkKu IIs ATHX
BHUJIOB  yYYEHWYECKMX  NPAKTHYCCKUX  pabdOT  OCYIIECTBISICTCS  YYaCTHHKAMHU
00pa30BaTeILHOrO MpOIECCa MCXOAs U3 OCOOCHHOCTEH MOYPOYHOIO IJIAHHUPOBAHUS
U ocHaleHus kabuneta ¢pusuku. [Ipu 3Tom obecrieynBaeTcst OBIaieHne 00yqIarOIUMHUCS
YMEHUSMU TIPOBOJIUTH MPSMBIE U KOCBEHHBIC N3MEPEHUS, UCCIIEIOBAHMS 3aBUCUMOCTEH
(bU3HYECKNX BETMYUH U TTIOCTAHOBKY OTIBITOB 10 TIPOBEPKE MPETOKEHHBIX THIIOTE3.

bonbiioe BHUMaHuE yaAeNseTcs PEIICHUI0 PACUETHBIX M KaueCTBEHHBIX 3ajlad.
[Ipu 3TOM 1711 pacyeTHBIX 3a/ad MPUOPUTETOM SIBISIIOTCSA 3a7a4dl C SIBHO 3aJIaHHOMN
U HESBHO 3a/JIaHHOM (DM3MYECKOW MOJEINbI0, MO3BOJIAIONINE MPUMEHATH H3YYCHHbBIC
3aKOHBI W 3aKOHOMEPHOCTH KaK M3 OJHOro pasleia Kypca, TaKk W HHTErpupys
NpPUMEHEHNE 3HAHWM W3 pPa3HbIX pas3neioB. (s KaduecTBEHHBIX 3a/ad MPHOPUTETOM
ABIIIIOTCS 3a/IaHMsI Ha OOBSCHEHUE/TIPEACKAa3aHUe MPOTEKaHUsl (PU3MUECKUX SIBICHUN
U TIPOLIECCOB B OKpPYXKAIOIIEH >XKU3HU, TpeOyromue BbiOOpa (unueckol Mojenu
JUTSI CHTYaIliy TTPaKTUKO-OPUEHTUPOBAHHOTO XapaKTepa.

B coorBerctBun ¢ tpeboanusimu OI'OC COO k maTepuanibHO-TEXHHUYECKOMY
o0ecrieyeHnto yd4eOHOTo Tmpoiecca Kypc (U3uKU yriayOJeHHOTO YpOBHS Ha YPOBHE
cpeaHero oo1ero o0pa3oBaHus JOHKEH U3y4aThCs B YCIOBUSX MIPEIMETHOrO KaOUHeTa.
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B kabunere ¢u3uku A0MKHO OBITH HEOOXOIUMOE JjabopaTopHOe 00O0pYyIOBaHHUE
JUISl BBIMIOJHEHHWS YKA3aHHBIX B MporpaMme 10 (QU3MKE YYCHUYECKUX OIIbITOB,
71a00paToOpHBIX padOT U PabOT MPAKTUKYMA, a TAKXKE IEMOHCTPAI[MOHHOE 000pyA0BaHUE.

JleMoHCTpaImoHHoe 00opyaoBaHue (HOPMHUPYETCS B COOTBETCTBUU C MPUHIIATIOM
MUHAMAJILHOH  JOCTAaTOYHOCTH H  OOCCIICUMBACT IOCTAHOBKY IEPEYMCIICHHBIX
B TIporpaMMme 1Mo (U3WKE KITIOYEBBIX JIEMOHCTpAIlUN IS WCCIEAOBAHHUS H3ydaeMbIX
SIBJIGHUW M MPOIIECCOB, IMIUPUUECKUX U (PyHIAMEHTAIbHBIX 3aKOHOB, UX TEXHUYECKUX
MIPUMEHECHU .

JlaGopatopHoe oOopyaoBaHuE JJIi  YYCHHYECKHUX  MPAKTUYECKUX  paboT
dbopMupyeTcsi B BUJIe TEMAaTHIECKUX KOMIUIEKTOB U OOECTICUMBAETCS B pacyeTe OHOTO
KOMILJIEKTa Ha JABYX oOOyyaromuxcs. TeMaTuyeckue KOMIUIEKThI J1abopaTOpHOIo
000pyIOBaHUSI JOIKHBI OBITH MOCTPOEHBI HA KOMIUIEKCHOM MCIOJIb30BAaHUU aHAJIOTOBBIX
U UU(POBBIX MPUOOPOB, a TAKXKE KOMIBIOTEPHBIX H3MEPUTEIBHBIX CUCTEM B BHUJE
U (PPOBBIX JTAOOpaTOPHUIA.

OCHOBHBIMHM TICJIIMH M3y4eHUs (PU3UKU B 0011eM 00pa30BaHUN SIBIISTFOTCSI:

dbopMupoBaHUE WHTEpPEca W CTPEMIICHHsI OOYJArOINXCA K HAYYHOMY H3YYCHHIO
MIPUPOJIBI, PA3BUTHEC WX HHTEIDICKTYAIBHBIX H TBOPYECKUX CIIOCOOHOCTEHH;

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

dbopMUpOBaHUE HAYYHOIO MHPOBO33PEHHUSI KaK pe3yibTaTa HM3y4YC€HUS OCHOB
CTpOCHHS MaTepuu U PyHIaMEHTAIbHBIX 3aKOHOB (DU3UKH;

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

dbopMupoBaHUE TIPEACTABICHHH O PO (OU3UKHA JUIT  Pa3BUTHSA  JPYrUX
€CTECTBEHHBIX HAYK, TCXHUKHU U TEXHOJIOTHA;,

pa3BUTHE TIPEACTABICHUI O BO3MOXHBIX cepax Oymymielr mpodeccuoHaIbHON
NeSTeNHbHOCTH, CBA3AHHBIX C (PU3UKOMN, TOATOTOBKA K JAJIbHEUIIIEMY O0y4E€HUIO B 3TOM
HaIPaBJICHUH.

JlocTiokeHrne OTUX IeNell O00eCIeurBaeTCsl pENICHHEM CISAYIOIMMX — 3a7ad
B IIpoliecce M3y4YeHUs Kypca (PU3MKHU Ha YPOBHE CPEHEro 00I1ero 00pa3oBaHus:

NpUOOPETEHUE CHUCTEMBI 3HAHMM 00 OO0mMX (UINYECKUX 3aKOHOMEPHOCTSX,
3aKOHAX, TEOPUSIX, BKIIIOUas MEXaHUKY, MOJEKYISAPHYIO (U3UKY, AJIEKTPOJUHAMUKY,
KBaHTOBYIO (PM3UKY U 3JIEMEHTHI acCTPO(PU3UKH;

dbopMupoBaHHE YMEHHUW NPHUMEHSATh TEOPETHUCCKUE 3HAHUS I OOBSCHEHUS
bu3nUeCKX SABICHUN B TIPUPOAEC U I TPUHATAS TPAKTHYCCKUX PEIICHUN
B TIOBCEHEBHOM JKHU3HU;

OCBOCHHE CIIOCOOOB PEIICHMsI PAa3JMYHBIX 3a7a4 C SBHO 3aJaHHOW (U3HUECKON
MOJIEJIBI0, 3a/1a4, TTO/IPAa3yMEBAOIINX CAMOCTOATENILHOE COo3aHne (PU3MUECKON MOJIEINH,
COOTBETCTBYIOIIEH YCJIOBUSAM 33/1a4d, B TOM YHCIIC 33]]a4 MHXEHEPHOTO XapaKTepa;

NOHNMaHue (PU3MYECKUX OCHOB U MPHUHIIATIOB JEHCTBUS TEXHUUYECKUX YCTPOUCTB
Y TEXHOJIOTHYECKHUX MPOIECCOB, UX BIUSHUSA Ha OKPYXKAIOIIYIO CPENY;
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OBJIAJICHUE METOJAAMH CaMOCTOSITENIbHOTO IUTAaHUPOBAHMUS M IPOBEICHUS
(U3HYECKUX HKCIIEPUMEHTOB, aHAIM3a U UHTEpIpeTauud MHMOpMAaINKU, ONpeIeIeHUs
JIOCTOBEPHOCTH MOJTYYEHHOTO PE3yJIbTaTa;

CO3IaHME YCJIIOBUW JUIA PA3BUTUS YMEHUH IPOEKTHO-UCCIEI0BATENbCKOM,
TBOPYECKOM JIEATENBHOCTH;

pa3BUTHE UHTEpeca K cdepam MNpoPecCHOHAIBHON AESITeIbHOCTH, CBSI3aHHOM
¢ (UBUKOM.

B cootBerctBun ¢ TpeboBanusimu GI'OC COO yriyOneHHbId YPOBEHb U3y4EHUS
yuebHoro npeamera «Du3nkay Ha YpOBHE CPEAHETO O0IIero 00pa3oBaHus BEIOMpPAETCS
00y4aroUIMMUCs, TJIAHUPYIOIUMHU TMPOJOJDKEHHE O0pa30oBaHMs IO CIEHUATbHOCTIM
(UBUKO-TEXHUIECKOTO TIPODHIIA.

OO1iee 4yKMCIO0 YacoB, PEKOMEHAOBAHHBIX JUIA H3ydeHUs (Gu3uku (yriyOJeHHBINA
ypoBeHn), — 340 yacoB: B 10 kmacce — 170 gacoB (5 vacoB B Henenwo), B 11 kmacce —
170 gacoB (5 4acoB B HEJIEIIIO).

[Ipennaraemslii B mporpaMme 1o (pu3uKe nepeyeHb Jad0paTopHbIX U MPAKTHUECKUX
paboT SBISIETCSl PEKOMEAOBAaHHBIM, YUUTENb JEIaeT BRIOOp MpOBeIeHUs J1a00paTOPHBIX
padoT U OTBITOB C YYETOM MHMBUIYATbHBIX OCOOCHHOCTEH 00yUaromuxcs.

B mnporpamme mno ¢Qu3mke Kaxmoro Kiacca Ipeajiaraercsi pe3epB BpPEMEHH,
OTBOAMMBII Ha BapUaTUBHYIO YacTh IMPOrPaMMBbl, COAEPXKAHUE KOTOPOH (popmupyercs
ydyacTHUKaMu oOpa3oBarelibHOro mpoiiecca. Jlobas pabouas mnporpamMma JoJDKHA
MOJTHOCTBIO BKJIOUATh B ce0s collep KaHKe JaHHOM pOrpaMMbl 1o (pU3MKeE.
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COJEPXXAHUE OBYYEHUA

10 KVIACC

Paszgen 1. HayuyHbiid MeTOX MO3HAHMS PUP ObI

®uznka — (QyHAaMeHTalbHAas Hayka o mpupoge. HayuHblii MeToJ MO3HaHUS
Y METObl UCCIIE0BaHUs (PU3UUECKUX SIBICHUM.

OKCnepuMeHT M Teopus B Ipoliecce TMo3HaHus mnpuponasl. HaOmonenue
U DKCIIEPUMEHT B (PU3UKE.

CrocoObl  u3MepeHus (U3NYECKHX BEIUYMH (QHAJOTOBBIE U IU(POBBIC
U3MEpUTEIbHBIE MPUOOPHI, KOMITBIOTEPHBIEC JATYMKOBBIE CHCTEMBI).

[TorpemHocTy n3MepeHnil PU3NUeCKUX BEIUUNH (a0COMIOTHAS U OTHOCUTEIbHAS).

MonenupoBanre (U3NYECKUX SBICHUW M TPOLECCOB (MaTepuanbHas TOYKa,
aOCOJIIOTHO TBEPIOE TEJO, WICAJIbHAs JKUIKOCTb, WJICANbHBIN ra3, TOUYCUHBINH 3apsin).
['unore3a. @U3NM4ECKUI 3aKOH, TPAHULIBI €I0 TPUMEHUMOCTH. DU3NYECKas TeOpusl.

Ponb u mecto pusuku B GopMUPOBAaHUHM COBPEMEHHOW HAYYHOW KapTHUHBI MUDA,
B [IPAKTUYECKOM ACATEIBHOCTH JFOACH.

Yyenuueckuii sxcnepumenm, rabopamopHuvle pabomol, NPAKMUKYM

N3mepenue cuibl TOKAa W HAMpsDKEHHUS B IEMU MOCTOSHHOTO TOKA MPHU TTOMOIIH
aHAJIOTOBBIX W MU(PPOBBIX H3MEPUTEIBHBIX MPHOOPOB.

3HaKoMCTBO ¢ 1MQppoBoit maboparopueit mo Qusuke. Ilpumepbr uzMepeHus
(bu3MUEeCKUX BETUYUH TIPU MOMOIIHM KOMIIBIOTEPHBIX JATUUKOB.

Paznen 2. Mexanunka
Tema 1. Kunemamuka

Mexanuueckoe ABukeHHe. OTHOCUTEIIBHOCTh MEXaHUUYECKOT O IBKeHus1. Cucrema
oTcUeTa.

[Ipsimast u oOpaTHast 3a71a41 MEXaHUKHU.

Panuyc-BekTop MarepuanbHONM TOYKH, €r0 MPOEKIIMU HAa OCU CUCTEMBI KOOPAUHAT.
Tpaexropusi.

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

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

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

Kpuponneiinoe nBwkeHue. J[BUKEHHME MaTepUaIbHOM TOYKHA MO OKPYKHOCTH.
VYrnoBas u nuHelHast ckopocTb. [lepuon u yactora oOparnieHus. LleHTpocTpeMuTenbHoe
(HOpMalnbHOE), KacaTeslbHOE (TaHT€HLIHAIbHOE) W MOJIHOE YCKOPEHHUE MaTepHabHOM

TOYKU.
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Texnuueckue YCTpOfICTBa N TCXHOJIOTHYCCKHUC IIPOLCCCHI: CIIMAOMCETP, ABHUIKCHHUC
CHapsAa0B, HCIIHBIC, MICCTCPCHYATHIC U PCMCHHBIC IEPpEaavdn, CKOPOCTHEBIC J'H/I(l)TBI.

Jlemoncmpayuu

Mogenb CcHCTEMBI OTCYETa, WUIIOCTpPAlUsl KUHEMATUYECKUX XapaKTePUCTHUK
JBH>KCHUSL.

CnocoOBbI UCCIIEI0BAHUS IBHKEHUH.

NnmocTpanus npeaenbHoro nepexoaa u U3MEpEeHNUEe MTHOBEHHOW CKOPOCTH.

IIpeobpazoBanue IBMKCHUI ¢ UCIIOIB30BAaHUEM MEXaHHU3MOB.

[Tamenue Ten B BO3AyX€E U B Pa3peKEHHOM MPOCTPAHCTBE.

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

HampaBnenne ckopoctu npu IBUKEHUU 110 OKPYKHOCTH.

[IpeoGpazoBanue yrioBoil CKOPOCTH B PEIYKTOPE.

CpaBHeHUE MyTeM, TPAGKTOPUNA, CKOPOCTEHl NBMKEHUS OJHOTO M TOrO K€ Tela
B Pa3HbIX CUCTEMAaX OTCYETA.

Vuenuuecxuii sxcnepumenm, rabopamopHvle pabomol, NPaAKMUKYM

N3yyeHne HEPaBHOMEPHOTO JBHMXKEHHS C IEIbK0 ONPEACICHUS MIHOBEHHOM
CKOPOCTH.

N3mepenne yckopeHHsT MNpU TPAMOIMHEHHOM PAaBHOYCKOPEHHOM JIBUKCHUU
110 HAKJIOHHOM TJIOCKOCTH.

HccnenoBanue 3aBUCUMOCTH ITyTH OT BPEMEHH ITPU PABHOYCKOPEHHOM JBUKCHUH.

N3mepenne yckopeHHUss CBOOOJHOrO mMaacHUs (PEKOMEHIOBAHO HCIIOJIb30BAHUE
1 dpoBoi 1abopaTopun).

N3ydyenne nBMKEHUS Teja, OPOIIEHHOTO TOPU3OHTANIbHO. [IpoBepka THMOTE3BI
O MPSIMOM MPOMOPLIMOHAIBHON 3aBUCHUMOCTH MEXAY JAIbHOCTBHIO MOJIETA U HAYaJIbHOM
CKOPOCTBIO T€JIa.

N3yuenune nBUXKEHUS TeJla MO OKPYKHOCTH C IMTOCTOSSHHOM 1O MOJIYJII0 CKOPOCTBIO.

HccnenoBanne 3aBUCHMMOCTH TIEproIa OOpareHuss KOHUYECKOro MasTHUKA OT €ro
IapaMeTPOB.

Tema 2. lunamuxa

[lepBeii 3akoH Herorona. HMHepumanbHble cucTeMbl oTcuera. [IpuHIMIN
otHocuTenbHOCTH [anunes. HeunepuuanbHble cUCTEMBl oOTcueTa (OHpeeTeHUE,
IPUMEDBI).

Macca Tena. Cuita. [IpyHIMI CyNeprno3uLuy CUlL.

Bropoii 3akoH HproTOHA 111 MaTEpUAIIBHOW TOYKH.

Tpernii 3ak0oH HproTOHA 11 MaTEpUAIBHBIX TOYEK.

3aKOH BCEMHPHOIO TATOTEHHUSA. DKBUBAICHTHOCTh I'DABUTALIMOHHOW M MHEPTHOM
MacCChl.

Cuna TsokecTH. 3aBHUCUMOCTh YCKOPEHHSI CBOOOJHOT'O MajJCHUsT OT BBICOTHI
HaJl TOBEPXHOCTHIO TUIAHETHI U OT reorpaduueckoil mupoTsl. JBrkeHne HeOECHBIX Tel
U UX cnyTHUKOB. 3akoHbl Kennepa. [lepBasg kocmuyeckass CKOPOCTb.

9
HokymeHT co3aaH B anekTpoHHon chopme. Ne Corn 103 ot 28.04.2026. VcnonHuTens: KOHycosa 3.H. r'.?ﬂEKTPOHHbIﬁ
CtpaHuua 9 ns 97. CtpaHuua cozaaHa: 28.04.2026 17:44 =¥ TATAPCTAH



®enepanbHas pabouas mporpamma | @usnka. 10—11 kmaccsr (yriayOaeHHbINH YPOBEHB)

Cuita ynipyroctu. 3akoH ['yka. Bec Tena. Bec Tena, IBH>KYIIETOCS ¢ YCKOPEHUEM.

Cuna tpenus. Cyxoe Tpenue. Cuiia TpeHHS CKOJIBKEHUS M CUJIA TPEHMS IOKOS.
Koappuument tpennst. Cuiia conpoTUBIEHUS PU IBHXKEHUH TeNa B )KUJIKOCTU WJIH rase,
€€ 3aBUCUMOCTh OT CKOPOCTH OTHOCHUTEIBHOI'O JIBUKEHUS.

Hasnenune. ['mapocrarnueckoe nasnenue. Cuna Apxumena.

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

Jlemoncmpayuu

HaGmronenne ABMKEHHUS Tel B WHEPIUAIBHBIX W HEHMHEPLUHAIBbHBIX CHCTEMax
oTCUeTa.

[TpyuHIMI OTHOCUTENLHOCTH.

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

CpaBHEHUE PaBHOJACUCTBYIOUIECH MPHUIOKEHHBIX K TEIy CUJI C MHpPOU3BEIACHUEM
Macchl TeJIa Ha €ro YCKOPEHUE B MHEPIIUATBHON CUCTEME OTCUETA.

PaBeHCTBO CHJI, BOBHHKAIOIIUX B Pe3yIbTaTe B3aUMOJIECHCTBHS TEJI.

N3mepenune Macc 1o B3auMOICHCTBUIO.

HesecomocTs.

Bec Tena nipy yCKOpEeHHOM MOIbEME U MaJCHUM.

[enTpoOekHbIE MEXAaHU3MBI.

CpaBHEeHUE CUJT TPEHUS MOKOSI, KAUCHUS U CKOJIbKEHUS.

Yuenuueckuii osxcnepumenm, rabopamophule pabomul, NPAKMUKYM

N3mepenue paBHONEHCTBYIOMIEH CHUJI TIPU JIBIDKCHUM OpyCKa IO HaKJIOHHOU
MJIOCKOCTH.

ITpoBepka rUMOTE3BI O HE3aBUCHUMOCTH BPEMEHH JBIKECHHUS OpycKa 10 HaKJIOHHOM
IJIOCKOCTH Ha 33JIaHHOE PACCTOSTHUE OT €r0 MacChl.

HccnenoBanue 3aBUCUMOCTH CHJI  YIPYrOCTH, BO3HUKAIOUIMX B MPYKHUHE
U PE3MHOBOM 00pa3slie, OT uX JepopmMariuu.

N3ydenune NBYKEHHSI CHCTEMBI TEJl, CBI3aHHBIX HUTHIO, IEPEKUHYTON Yepe3 JISTKUn
OJIOK.

WN3smepenne kodduimenta TpeHHs] TO BEIWYWHE YIVIOBOTO Kod(duimenta
3aBucumMocTd Frp(N).

UccnenoBanue paBuxkeHUss Opycka IO HAKIOHHOM IIJIOCKOCTH C TEPEMEHHBIM
KO3 PUIIEHTOM TPEHHUSI.

N3ydenue aBMKEeHUS Tpy3a Ha Bajly C TPEHUEM.

Tema 3. Cmamuxa meepoozo mena

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

VYcnoBusi paBHOBECHS TBEPAOIO TEA.
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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, rabopamophvie pabomul, NPAKMUKYM
HccnenoBanne ycimoBril paBHOBECUS TBEPAOTO TENA, UMEIOLIETO OCh BPALLICHMUS.
KoHncTpynpoBanue KpOHIITENHOB U pacuyeT CHII YIIPYTOCTH.
N3ydenne ycTOMYMBOCTH TBEPAOTO TEJIA, UMEIOUIErO TUIOMIAAb OMOPBI.

Tema 4. 3akonvl coxpanenusn 6 MexanukKe

NMnynec MarepualbHOM TOYKH, CUCTEMBI MaTepuaibHbIX TodeK. LleHTp Mmacc
CUCTEMBI MaTepUAJIbHBIX TOYEK. TeopeMa 0 JBUKEHUH LIEHTpa Macc.

NMItynbce cUIIbI M1 U3BMEHEHHUE UMITYJIbCA TENA.

3aKOH COXpaHEHHs UMITYJIbCA.

PeaxtnBHOE BMXEHNE.

MoMeHT umnyiapca MaTepUAIbHON TOUYKH. [IpencraBienne o coxpaHeHUH MOMEHTA
VMMITYJIbCa B HEHTPAIBHBIX MOJIAX.

PabGora cuiapl Ha MaJoM U Ha KOHEYHOM mepemenieHuu. ['paduueckoe
IpEJCTaBJIEHNE PA0OThI CUJIBL.

MoOIIHOCTB CHUIIBIL.

Kunernueckass »Heprus MarepuaibHOM TOuku. Teopema 00 U3MEHEHHH
KUHETUYECKOW YHEPIUU MaTEePUaIbHON TOUYKMU.

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

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

VYipyrue u HeEyNpyrue CTOJIKHOBEHUS.

YpaBHenue bepHyM Uil HMIEANBbHOM JKMAKOCTH Kak CIEJACTBUE 3aKOHa
COXPaHEHHsI MEXaHUYECKOU SHEPIUH.

TexHU4eCcKne yCTPOMCTBA M TEXHOJIOTMYECKHE ITPOLIECCHI: JIBHIKEHUE PAKET,
BOJIOMET, KOIEP, MPYKUHHBIN MUCTOJIET, THPOCKOIN, (PUT'YPHOE KaTaHUE HAa KOHbKAX.

Jlemoncmpayuu
3aKOH COXpaHEHUS UMITYJIbCA.
PeaktuBHOE 1BHXKEHMUE.
N3mepenune MOILIHOCTH CUJIBI.
N3menenue sHepruu Tea mpu COBEPIIEHUN PaOOTHI.
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BzaumHbIe npeBpallieHrsl KHHETUYECKOW U ITOTCHIIUATIbHOW YHEPT U TIPU JCHCTBUHA
HA TEJO CUJIbI TSHKECTH Y CUJIbI YIIPYTOCTH.
CoxpaHeHue SHEepruu Mpu CBOOOTHOM IaJICHHH.

Yuenuueckuu sxcnepumenm, rabopamopuvie pabomuol, NPAKMUKYM

N3mepenue nmnyiibea Teia 1o TOpMO3HOMY ITYTH.

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

CpaBHEHHE U3MEHEHUS UMITYJIbCA TEJIA C UMITYJIbCOM CHJIBI.

HccnenoBanne coXpaHeHUst UMIYJIbCA IIPU YIIPYTOM B3aUMOJEHCTBHM.

N3mepenne KHUHETUYECKOW YHEPIUU TEJIa [0 TOPMO3HOMY ITYTH.

CpaBHeHHE HM3MEHEHHS TMOTEHUHUAIBLHON HSHEPruu MNPYKUHBI C pabOTON CHUJIbI
TPEHUS.

Omnpenenenue pabOTHI CUIIBI TPEHUS MTPH ABMXKEHUH TeJa TI0 HAKIIOHHOM MJIOCKOCTH.

Pasznen 3. MousiekyasipHasi pU3MKAa U TEPMOAUHAMHMKA
Tema 1. Ocnogvt MONEKYAAPHO-KUHEMUYECKOU meopuu

OcHOBHBIE TTOJIOKEHUSI MOJIEKYIIsipHO-KuHeTn4Yeckoil Teopun (MKT), ux onbsiTHOE
obocHoBanue. Juddys3us. bpoyHoBckoe  IBIKEHHME.  XapakTep  JABUKCHUS
Y B3aMMOJCICTBUS YacTull BeulecTBa. Mojenu CTpOCHHS ra30B, JKUJIKOCTEH U TBEPBIX
Tel U OOBACHEHHE CBOWCTB BEIIECTBA Ha OCHOBE ATHUX Mojeneld. Macca u pa3mepbl
Mosekyn (aroMoB). KonmnuectBo BemecTBa. [ToctosinHast ABoraapo.

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

Mopnenp uACaIbHOTO ra3a B MOJEKYJISIPHO-KMHETHYECKOW TEOPHM: YaCTULbI rasa
JBIKYTCSI XaOTHYECKHU M HE B3aMOJEHCTBYIOT APYT C APYTOM.

lazoBeie  3akoHbl.  YpaBHeHue MenneneeBa—Knaneiipona.  AGcomoTHas
temrneparypa (mkaia Ttemrnepatyp KenbBuna). 3akon JlanbroHa. HM3omponecchl
B MJI€aJIbHOM Ta3e C MOCTOSTHHBIM KOJIMYECTBOM BelllecTBa. [ 'paduyeckoe mpecraBieHre
U30MPOLIECCOB: U30TEpPMa, U30X0Pa, U300apa.

CBs3b MEXIYy AABJICHUEM WM CPEOHENW KMHETUYECKOW SHEpPrued MOCTYIATeIbHOrO
TEIJIOBOIO JBMKEHUS MOJIEKYJI UACAIBHOIO Ta3a (OCHOBHOE YPAaBHEHHE MOJIEKYJISPHO-
KHHETHYECKOW TEOPUHU UEATbHOIO rasa).

CBs3p aOCONIOTHOM TEMIIEpaTypbl TEPMOJUHAMUYECKONW CHCTEMBI CO CpEIHEH
KHMHETHYECKOW SHEPTUEN MOCTYNaTeIbHOr0 TEMIOBOIO ABUKEHUS €€ YaCTHUL.

TexHuueckue ycTpoilcTBa M TEXHOJOTHYECKHE MPOLIECCHI: TEPMOMETP, OaApOMETD,
IIOJIyY€HHE HAHOMAaTEPHAJIOB.

Jlemoncmpayuu
Mogenu ABUXKEHUS YaCTHI] BEIIECTBA.
Mogenb OpOYHOBCKOT'O IBUAKEHUS.
Buneoponuk ¢ 3anuchio pearibHOro OPOYHOBCKOTO JABUKCHHUSI.
HNudbdysust xuaKocTen.
Mogens onbita IITepHa.
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[TpuTskeHUE MOJICKYI.
Mopenu KpucTauInueCKUX PEIIeToK.
HabGnronenue u viccmeioBaHue N30MPOIIECCOB.

Yuenuueckuii osxcnepumenm, rabopamopmule padomul, NPAKMUKYM

HccnenoBanue nporiecca yCTaHOBIICHUS TETJIOBOTO PABHOBECHS MPHU TEIII000MEHE
MEXIY TOpsiYEN U XOJIOIHOU BOIOM.

N3ydenue wu30TepMUYECKOro  mporecca (PEeKOMEHIOBAaHO  HCIIOJIb30BAHHE
urdpoBoit 1aboparopun).

N3ydyeHune n30X0pHOro nporecca.

N3ydenue nzodapHoro mporecca.

[IpoBepka ypaBHEHHUS COCTOSIHUSI.

Tema 2. Tepmoounamuka. Tennoevie mawiunot

TepMonnHamuueckas (TH) cucrema. 3ajaHie  BHEIIHUX  YCJIOBUH
JUIsl TEPMOJAMHAMHUYECKON cUcTeMbl. BHenIHue u BHyTpeHHHE napameTpsl. [lapameTpsl
TEPMOJANHAMHUYECKON CHUCTEMBbI KaK CPEIHUE 3HAUYECHUS BEJIMYMH, OINHCHIBAIOLIUX €€
COCTOSIHME€ HAa MUKPOCKOIIMYECKOM YPOBHE.

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

Mopaenp uaeanbHOro raza B TEPMOJMHAMHMKE — CHUCTEMa yYpaBHEHHUI: ypaBHEHUE
Menneneepa—Knaneiipona W BbIpaX€HUE U1 BHYTPEHHEW JSHEpPruu. Y CIOBUSA
MPUMEHUMOCTH 3TON MOJIEIN: HU3Kasi KOHIEHTpaIUsl YacTHI], BBICOKUE TeMIIepaTyphbl.
BripaxkeHnue 17151 BHyTpEHHEW SHEPruy OJHOATOMHOTO UACAIBHOTO ra3a.

KBasucratnueckne 1 HECTaATUUECKUE MPOLIECCHI.

OnemeHTapHas pabota B TepMoAuMHaMuKe. Bwrumcnenue paboTel 1Mo Tpaduky
rporecca Ha pV-auarpaMmme.

Temonepenaya kak cnocod M3MEHEHHsI BHYTPEHHEW YHEPTrUu TEPMOAMHAMUYECKOM
cucTeMbl 0e3 coBepieHust paboTbl. KOHBEKIMS, TEMIONPOBOAHOCTD, U3TyUYECHHUE.

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

IlepBblii 3aKkOH TepMOAMHAMUKU. BHyTpeHHsAs 3Heprusd. KoamyecTBO TEmnIoThI
1 paboTa Kak Mepbl H3MEHEHHUS BHYTPEHHEH YHEPTUU TEPMOJUHAMUYECKON CUCTEMBI.

BTopoil 3akOH TepMOAMHAMHMKH JJIs PAaBHOBECHBIX IMPOLECCOB: 4YEpe3 3aJaHHOE
PAaBHOBECHOE COCTOSIHUE TEPMOJUHAMUYECKOW CHUCTEMBI TPOXOAUT E€AUHCTBEHHAs
anuabara. AOCOIOTHAs TeMIepaTypa.

BTopoil 3akOH TEepMOIMHAMUKHU [Ji1 HEPABHOBECHBIX IMPOLECCOB: HEBO3MOXKHO
nepeaaTh TEIUIOTY OT Oojiee 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 MCIOJIb30BAHUS TEIUIOBBIX JBHUrarelieid. TemiaoBoe
3arpsi3HEHUE OKPYKAIOIIEH CPEbl.

TexHuueckue yCTpOWCTBA M  TEXHOJIOTMYECKHME IMPOLIECCHI:  XOJOJUJIbHUK,
KOHJUIIMOHED, TU3EIbHBIA U KapOIOPaTOPHBIN IBUTaTENH, TapoBasi TypOrUHA, TOTyYEeHUE
CBEPXHU3KUX TEMIIEpaTyp, YTUIU3ALUS «TEIJIOBBIX» OTXOJIOB C HCMOJIb30BAaHUEM
TEIJIOBOIO Hacoca, YTWIM3alUus OMOOPraHMYECKOro TOIUIMBA JUJISl  BBIPAOOTKH
«TEIJIOBOW» U 3JIEKTPOIHEPTUN.

Jlemoncmpayuu
N3menenue temnepaTypbl IpH aAuadaTUYECKOM PaCHTUPEHUU.
Bo3znymiHoe orauso.
CpaBHeHUE yIEIbHBIX TEIIJIOEMKOCTEH BEIIECTB.
CrocoObI M3MEHEHMsI BHYTPEHHEH YHEPTHUH.
HccnenoBanne aquabaTHOTO mMpoIiecca.
KomnbroTepHbie MOJIEN TEMIOBBIX JBUTATEIICH.

Yuenuueckuui axcnepumenm, iabopamopuvie pabomuol, NPAKMUKYM

N3mepenue ynenpHOM TemI0eMKOCTH.

Hccnenosanue npoiiecca OCThIBaHUS BELECTBA.

Hccnenosanue aguabaTHOrO mponecca.

N3ydeHue  B3aMMOCBSI3M  SHEPIHM  MEXMOJEKYJISIPHOTO  B3aMMOJIECHCTBHUS
U TeMIEPaTypbl KUTICHUSI )KUIKOCTEH.

Tema 3. Acpecammnnvie cocmoanusa eeuwyecmea. Dazoevie nepexoovl

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

Haceiennbie 1 HeHackIleHHBIE Tapbl. KaduecTBeHHass 3aBUCUMOCTH IIOTHOCTH
W JaBJCHUS HACHIIIEHHOIO Tapa OT TEeMIEepaTypbl, MX HE3aBUCHUMOCTh OT OOBbeMa
HACBIIIEHHOT O Nlapa. 3aBUCUMOCTb TEMIIEPATyphbl KUTIEHUS OT AABJICHUS B KUJIKOCTH.

BnaxuocTh Bo3ayxa. AOCONMIOTHAS U OTHOCUTEIbHAS BIAYKHOCTb.

Teepnoe Tteno. Kpucramnmueckue u amopdubie Tena. AHU30TPONHS CBOWMCTB
KpuctaiyioB. IlmaBneHne w Kpucraumzanus. YAelbHas TEIUIOTa IUIABJICHHUS.
Cybnumarius.

Hedbopmanuu TBepaoro tena. Pactspkenwe u cxarue. Chasur. Moayns FOwra.
[Ipenen ynpyrux aepopmaiuii.

TemoBoe pacmMpeHue KUAKOCTEM W TBEPABIX TelI, O0bEeMHOE U JIMHEHHOEe
pacmiMpeHre. AHrapMOHU3M TEIUIOBBIX KOJeOaHWM 4YacTHUIl BEIIeCTBA Kak IpUYMHA
TEIJIOBOTO pacUIupeHus Tel (Ha KaueCTBEHHOM YPOBHE).

[IpeoGpazoBanue sHEPruM B (Pa30BBIX MEPEXOAAX.

YpaBHeHMEe TemI0OBOro Oananca.

[ToBepxnocTtHoe HarspkeHHe. Kod(pUIIMEHT MOBEPXHOCTHOTO  HATSHKCHHUS.
Kanumnsipuele siBneHus. [laBneHue I10J HCKPUBICHHOM IOBEPXHOCTBIO KHUJIKOCTH.
®opmymna Jlamaca.
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Texnuueckue YCTpOfICTBa N TCXHOJIOTHYCCKUC IIPOLCCCHI: KUIAKHUC KPHUCTAJLIbI,
COBPCMCHHBIC MATCpHUAJIbI.

Jlemoncmpayuu
TennoBoe pacupeHue.
CaoiicTBa HACBHIILIEHHBIX MTapOB.
Kunenne. Kunenne npu noHMKEHHOM JTaBJICHUU.
N3mepenue cuiibl TOBEPXHOCTHOTO HATSIKEHMUSI.
OnBITH ¢ MBUIBHBIMH TUICHKAMH.
CmauuBaHue.
Kanumisipabie siBiaeHusI.
Moienu HEHbIOTOHOBCKOM JKHJIKOCTH.
CrocoObI n3MepeHust BIaXKHOCTH.
HccnenoBanne HarpeBaHus U MJIABJICHUS KPUCTAJUIMYECKOT O BELIECTBA.
Bune! nedopmaruii.
Hab6mronenmne manbix nedopmaruii.

Yuenuueckuui sxcnepumenm, rabopamopnvie pabomul, NPAKMUKYM

N3yyeHne 3aKOHOMEPHOCTEN UCITAPEHUS JKUIKOCTEM.

N3mepenune ynenbHON TEIUIOTHI TIaBIEHUS JIbJIA.

N3y4yeHne CBOWCTB HACBIIIEHHBIX aPOB.

N3mepenne aOCONIOTHOM BIQXHOCTH BO3JlyXa M OLIEHKa MacChl IapoB
B ITIOMEILICHHH.

Nsmepenune kodpduiimerTa ToBEpXHOCTHOTO HATSKEHUS.

Nsmepenue moayns FOwra.

HccnenoBanue 3aBUCMMOCTH AepopMaIiii pe3MHOBOrO 00pasiia OT MPUII0KEHHOM
K HEMY CHJIBI.

Paznen 4. DiaekrponuHaMukKa
Tema 1. Inexkmpuueckoe none

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

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

DnekTpuueckoe noje. Ero neiicTBrue Ha 3IEKTPUYECKUE 3apsIbl.

HanpsixenHnocts snextpudeckoro mnosst. [IpoOubrit 3apsia. JInHuM Hanps>KeHHOCTH
AIEKTPUIECKOro Nost. OTHOPOAHOE INEKTPUUECKOE MOJIE.

[ToTeHUIMATbHOCTh ~ DJIEKTPOCTATHYECKOrO  MMoJig.  Pa3HOCTh  MOTEHIMAJIOB
u HanpsokeHue. [loTeHnuanbHas »HEpPrus 3apsaa B JJIEKTPOCTATUYECKOM TIOJIE.
[Torenuuan snexTpocTaTuyeckoro moiis. CBsi3b HANMPSKEHHOCTH TMOJS W Pa3HOCTH
MOTCHIIMAJIOB  JUIL  DJIGKTPOCTATHYECKOro  mojis  (Kak ~ OJHOPOAHOrO,  Tak
1 HEOJIHOPOJIHOTO).

[IpuHIMN CyNEepno3uLMKU SIEKTPUIECKUX TTOJIEH.
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ITone Toueunoro 3apsima. I[lone paBHOMepHO 3apsbkeHHOU cdepnl. Ilome
PaBHOMEPHO 3apsHKEHHOro 1o o00beMy Miapa. Ilose paBHOMEpPHO 3apsyKEHHON
OECKOHEUYHOM  IUIOCKOCTH. KapTuHbl JHMHMM  HAOpsHKEHHOCTM — 3TUX — TOJel
Y DKBUIIOTEHIUAIBHBIX ITIOBEPXHOCTEH.

[IpoBOAHUKH B DIEKTPOCTATHUECKOM ITOJIE. Y CIIOBHE PABHOBECHS 3apPSII0B.

JIMPNEKTPUKU B DJIEKTPOCTATUYECKOM MoJe. JludnexkTpuyeckas NPOHULIAEMOCTb

BELIECTBA.
Konpencarop. DneKTpOEMKOCTh KOHJEHCATOpA. IJIEKTPOEMKOCTh IIJIOCKOTO
KOHJIEHCaTOopa.
[TapannenbHOe coeaWHEHUE KOHJEHCATOpoB. llocienoBarenbHOE COEAUHEHHE
KOHJIEHCATOPOB.

DHeprus 3apsHKEHHOTO KOHJIEHCATOopa.

JIBrKeHME 3apsyKEHHOM YaCTUIBI B OJHOPOIHOM JIEKTPUYECKOM IOJIE.

TexHnueckne yYCTPOMCTBA M TEXHOJOTMYECKUE IMPOLECCHI:  AJIEKTPOCKOI,
ANEKTPOMETpP,  DJIEKTPOCTATUYECKas  3alllUTa,  3a3€MJIEHHE  AJIEKTPONpPUOOpPOB,
KOHJIEHCATOPHhI, TeHepaTtop Ban ne ['paada.

Jlemoncmpayuu

Y CTpOMCTBO ¥ MPUHILIUIT ICHCTBUS JIEKTPOMETPA.

DIIEKTPUUECKOE T0JIE 3aPSIKEHHBIX IIAPUKOB.

DJIEKTPUUECKOE TTOJIE JBYX 3apSIKEHHBIX TTACTHH.

Mopaens anekTpocTaTudeckoro reneparopa (Ban ne I'paada).

[IpOBOJTHUKH B AIIEKTPUUYECKOM IIOJIE.

DJIEKTPOCTATHYECKAS 3alUTA.

Y CTpOKCTBO U IEUCTBUE KOHJCHCATOPA NOCTOSIHHOW Y IEPEMEHHON €EMKOCTH.

3aBUCUMOCTh AJIEKTPOEMKOCTH IUIOCKOTO KOHJIEHCATopa OT IUIOMIAAM IIJIaCTHH,
pacCTOSIHUSI MEK1Y HUMU U JUDJICKTPUUYECKON MTPOHUILIAEMOCTH.

DHeprus 3JIEKTPUUECKOro MOJI 3aPSKEHHOTO KOHAEHCATOPa.

3apsiika U pa3psijika KOHJEHCAaTopa Yepe3 pe3ucTop.

Yuenuueckuii osxcnepumenm, rabopamopHule pabomol, NPAKMUKYM

OueHka cui B3auMOACICTBUS 3apSyKEHHBIX TEIN.

HaOmonenue mpeBpailieHus HEPruM 3apsHKEHHOTO KOHJEHCATOpa B JHEPTHUIO
U3ITy4EHHUs CBETOAUO/IA.

N3yuyenne npoTekaHusi TOKA B LEMHU, COAECPKAILEH KOHAEHCATOP.

Pacnpenenenve pa3sHOCTH TMOTEHIUAIOB (HAMPSIKEHUS) MPHU TOCIEI0BATEILHOM
COEIMHEHUHU KOHJIEHCATOPOB.

HccnenoBanue paspsia KOHAEHCATOPA YE€PE3 PE3UCTOP.

Tema 2. Ilocmoannwlit 31eKmpu4ecKuil moxK

Cuna toka. [TocTossHHBIN TOK.

VYcnoBust CyliecTBOBaHUSI MOCTOSHHOTO JJICKTPUYECKOro TOKa. MICTOYHUKHU TOKa.
Hanpsbxenne U u DJ1C E.

3akoH OMa 1J1s1 ydacTKa L.
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DJIEKTPUYECKOE COMPOTUBIICHUE. 3aBUCUMOCTH COIPOTUBICHHUS OJIHOPOIHOIO
IIPOBOJHHKA OT €ro JUIMHBl M IUIOIIAJW IIONEPEYHOr0 CEYCHMS. Y JENbHOE
COIIPOTUBIICHHE BEIIECTBA.

ITocnenoBarenbHOE, ITapauIeIbHOE, CMELIAHHOE COEAUHEHNE IIPOBOIHUKOB. Pacyer
pa3BETBIICHHBIX 3JieKTpuueckux meneil. [lpasuna Kupxroda.

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

MOIHOCT  DJIEKTPUYECKOro  TOKAa. TemioBas  MOLIHOCTb,  BbLIEseMast
Ha PE3UCTOPE.

OJIC u BHYTpEHHEE CONPOTHUBJICHHE MCTOYHMKA TOKa. 3akoH Oma i MOJHOMU
(3aMKHYTOM) 3JIEKTpUUECKOM 11en. MOIHOCTh UCTOYHUKA ToKa. KOpoTKoe 3aMbIKaHUE.

Konpencarop B ienu nOCTOSHHOTO TOKA.

TexHH4eCcKrne yCTpONCTBA U TEXHOJIOTMYECKHUE MTPOLECCHI: aMIIEPMETP, BOJIBTMETP,
peocTaT, CYETUUK DIIEKTPUIECKOU IHEPTUH.

Jlemoncmpayuu

N3mepenue cuiibl TOKa U HAIIPSYKEHUS.

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

3aBUCUMOCTbH COIIPOTUBIICHUS NWJIMHAPUIECKUX MPOBOJIHUKOB OT JIJIMHBI, TJIOLIAIHA
MONEPEYHOr0 CEUCHUS U MaTeprara.

HccnenoBanue 3aBUCUMOCTH CHJIBI TOKAa OT CONPOTHUBJICHUS MPU TMOCTOSTHHOM
HaMpsHKEHUH.

IIpsmoe wu3mepenue DJIC. KopoTkoe 3aMblKaHME TajJbBaHUYECKOIO AJIEMEHTA
U OIIEHKAa BHYTPEHHETO COMPOTUBIICHUS.

CrocoObI coemuHeHrs UICTOYHUKOB Toka, JJ[C Garapeii.

NccnenoBanne pa3HOCTH MOTEHIHAIOB MEXY MOTOCAMH HCTOYHHUKA TOKA OT CHJIBI
TOKa B IICIH.

Yuenuueckuui axcnepumenm, iabopamopuvie pabomul, NPAKMUKYM

HccnenoBanne CMEIIaHHOTO COEIMHEHUSI PE3UCTOPOB.

N3mepenue yaenbHOro COnpoTUBIEHUS TPOBOJHUKOB.

HccnenoBanne 3aBUCMMOCTH CHIIBI TOKA OT HAIIPSDKEHUS JJIs1 JIaMITbl HAaKaJIMBaHUS.

VYBenuueHue npeesa u3MEepeHus: aMmrnepMeTpa (BoJIbTMETPA).

N3mepenue DJIC u BHYTpEHHET O COMPOTUBIICHUS] UCTOUHUKA TOKA.

UccnenoBanne 3aBucumoctd IJ{C TrallbBaHUYECKOTO 3JIEMEHTAa OT BpPEMEHU
MPU KOPOTKOM 3aMbIKAHUH.

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

HccnenoBanue 3aBUCMMOCTH TOJIE3HOM MOIIIHOCTH MCTOYHMKA TOKA OT CHJIBI TOKA.

Tema 3. Toxku 6 paznuunuix cpeoax
DneKkTpudecKas MPOBOJUMOCTh Pa3IMYHBIX BEIMIECTB. DJICKTPOHHAS ITPOBOJANMOCTD
TBEPABIX METALIOB. 3aBUCHUMOCTH COINPOTHUBICHUS METAIOB OT TEeMIIepaTyphl.

CBepxnpoBOAUMOCTb.
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DIIEKTPUYECKUN TOK B BakyyMe. CBOICTBA 3JIEKTPOHHBIX MTYYKOB.

[TonynpoBoguuku. CoOCcTBEHHAs! U MPUMECHAs! TPOBOJUMOCTb MOJTYIPOBOIHUKOB.
CaoiicTBa p—n-niepexoaa. [lonynpoBoIHUKOBBIE TPUOOPBHI.

DJIEKTPUYECKAN TOK B JJIEKTPOIUTAX. JIEKTPOIUTHUYECKAS JAUCCOLHAIUA.
Onexktponus. 3akoHbl Dapajiest A1 SAEKTPOIn3a.

DJIEKTpUYECKUA TOK B razax. CamMOCTOSTENbHBIA U HECAMOCTOATENbHBIA pa3psl.
PaznuyHble TUIIBI CAMOCTOATENBHOTO pa3psaa. Momuus. [1nasma.

TexHu4eckne ycTpOMCTBA U IPAKTHUYECKOE ITPUMEHEHHUE: Ta30pa3psAHbIE JAMIIbI,
AJIEKTPOHHO-JIyueBass TpyOKa, MOJYNPOBOJHUKOBBIE MPUOOPHI: TUOM, TPAH3HUCTOP,
doronuona, cBeTOAMOA, TrajdbBaHUKa, paQUHUpPOBAHHE MEIH, BbIIJIAaBKA ATIOMHUHUSA,
AIEKTPOHHAS MUKPOCKOMUSI.

Jlemoncmpayuu
3aBUCUMOCTH COITPOTUBJICHUS] METAIIIOB OT TEMIIEPATYPHI.
[TpoBOIUMOCTE IJIEKTPOJIUTOB.
3akoHbI AsekTpoausa apajes.
HckpoBoii pasps v MpoBOAMMOCTb BO3AyXa.
CpaBHeHUE MTPOBOJUMOCTH METAJNIOB U MOJIYITPOBOHUKOB.
OaHOCTOPOHHSS MPOBOJIUMOCTD JTUOIA.

Yyenuueckuii sxcnepumenm, 1abopamopHule pabomol, NPAKMUKYM
Ha6mronenue snekTposusa.
N3mepenue 3apsia 0MHOBAJIEHTHOTO UOHA.
HccnenoBanue 3aBUCUMOCTH COIIPOTHUBIICHUSI TEPMOPE3UCTOPA OT TEMIIEPATYPHI.
CHsiTHE BOJTBT-aMIIEPHON XapaKTEPUCTUKHU JUOIA.

Pu3nyecKn NPaKTUKYM

CnocoObl  u3MepeHus (PU3NUECKUX BEJIUYHMH C MCIOJIb30BAHUEM aHaJIOTOBBIX
U TUQPPOBBIX U3MEPUTETHHBIX MTPHOOPOB W KOMIBIOTEPHBIX JATYUKOBBIX CHCTEM.
AOCOIOTHBIE W OTHOCHUTEIBHBIC MOTPEUTHOCTH HW3MEPEHHH (PU3NYECKUX BEIUYUH.
O1eHKa rpaHul] TOTPENTHOCTEM.

[IpoBeneHre KOCBEHHBIX M3MEPEHUM, MCCICIOBAHUNA 3aBUCUMOCTEH (HU3HYECKUX
BEJIMYMH, TPOBEpPKA TMPEUIOKEHHBIX THUIOTe3 (BBIOOPp U3 paboOT, OMHCAHHBIX
B TEMAaTUYECKHX pazfenax «YUYeHUYECKUH HKCIIEPUMEHT, JadopaTopHble paboThI,
MPAKTUKYM)).

MexnpeaMeTHbie CBA3H

N3ydyenue kypca ¢usuku yriayojgeHHOro ypoBHs B 10 kiacce OCyHIECTBISIETCS
C YYETOM COZIepKATEIbHBIX MEKITPEIMETHBIX CBA3EH C KypcaMu MaTeMaTUKH, OMOJIOTUH,
XUMHH, reorpaduu U TEXHOJIOTUH.

Mesxcnpeomemmusie nonamus, ceA3AHHbIE C U3YYEHUEM MEMO0008 HAYYHOZ20
nO3HaHuA: SBICHUE, HAyYHBIH (akT, TunoTesa, Gusnueckas BEIMUMHA, 3aKOH, TEOPHUs,
HaOJIO/ICHNE, OJKCIEPUMEHT, MOJEIUPOBAHUE, MOJENb, H3MEPEHHE, TOrPEUTHOCTH
U3MEPEHUH, U3MEpPUTENbHBIE MPUOOPHI, U POBas TabOpaTOPHsI.
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Mamemamuxka: Pemienue cuctembl ypaBHeHUH. JluHeliHas ¢yHKuus, mapadona,
runepOosa, ux rpauku u cBoiicTBa. TpuroHoMerpuueckue PyHKIUU: CUHYC, KOCUHYC,
TAHI'€HC, KOTAHIME€HC, OCHOBHOE TPUTOHOMETPHUYECKOE TOXIECTBO. BEKTOphl M HUX
IIPOEKIIMHU Ha OCH KOOPJMHAT, CJII0)KEHNUE BEKTOPOB.

Buonozusa: mexanudeckoe ABUKEHUE B KUBOW mpupose, auddysus, ocmoc,
TEMJI000MEH JKMBBIX OpPraHU3MOB, TEIUIOBOE 3arpsA3HEHHE OKPYXKAIOLIEH Cpelibl,
yTUiau3anusi  OMOOPraHWYECKOro  TOIUIMBA Ui BBIPAOOTKHM  «TEIJIOBOI»
U DJIEKTPOIHEPI'HH, MOBEPXHOCTHOE HATSDKEHHE U KANWUISIPHBIE SBJICHUS B MIPUPOJE,
AIIEKTPUUYECKHE SIBJICHUS B )KMBOU MpPUPO/IE.

Xumusn: TUCKPETHOE CTPOEHUE BELIECTBA, CTPOCHUE ATOMOB M MOJIEKYJ, MOJb
BEIIECTBA, MOJISIPHAs Macca, MoJy4YeHue HAHOMAaTepHaJoOB, TEIJIOBbIE CBOMCTBA TBEPABIX
TE€J, KUAKOCTEH W Ta30B, JKUJIKWE KPHUCTAJUIbI, 3JIEKTPUUYECKUE CBOMCTBA METAJIOB,
ANEKTPOIUTHYECKAS JUCCOLUALINS, TalbBaHUKA, 3JIEKTPOHHAS MUKPOCKOIUSI.

T'eozpaghus: BnaxxHOCTh BO3AyXa, BETPbI, 0ApOMETP, TEPMOMETD.

Texnonozua: npeoOpa3oBaHUe TBUKEHUN C MCIOJIb30BAHUEM MEXaHU3MOB, y4eT
CyXOr0 M JKHJIKOTO TPEHUS B TEXHUKE, CTaTUYECKHE KOHCTPYKLUMH (KPOHIITEIH,
pelnieTyaTbie KOHCTPYKIIHUH ), UCIIOJIb30BAaHUE 3aKOHOB COXPAHEHUSI MEXaHUKHU B TEXHUKE
(rupockorn, BOAOMET U ApPYyrue), IBUraTelb BHYTPEHHETO CrOpaHusl, apoBasi TypOuHa,
OBITOBOM  XOJIOJUJIbHUK, KOHJIWULUOHEP, TEXHOJOTUU TIOJYYEHUS COBPEMEHHBIX
MaTepHaJloB, B TOM YHCJIE HAHOMAaTEPHUAJIOB, 1 HAHOTEXHOJIOTUH, AJIEKTPOCTaTHYECKas
3alUTa, 3a3€MJIEHUE 3JIEKTPONprUOOpOB, Ta30pa3psiiHbIE JIaMIIbl, TOIYIPOBOJIHUKOBBIE
npuOOpkI, rajJbBaHUKA.

11 KUIACC

Paznen 4. DiaekTpoauHaMuKa
Tema 4. Maznummnoe none

B3aunmopenicTBue NMOCTOSHHBIX MAarHUTOB M IMPOBOJHUKOB C TOKOM. MarHurtHoe
nosie. BexkTop MarHuTHOM MHAYKUUMW. [IprHOIMD cynepno3unvu MarHUTHBIX IOJIEH.
JInHMKM MarHUTHOM MHAYKIHH.

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

Cuna AMnepa, ee HapaBJICHUE U MOJYJIb.

Cuna JlopeHua, ee HampaBjJ€HHE M MOAYJb. J(BH)KEHHE 3apsKEHHONM YacTHLBI
B OJJHOPOJHOM MarHuTHOM mose. Pabora cuibl JIopeHna.

MarunuTtHoe noJie B BemecTBe. DeppoMarHeTuku, mapa- U JuaMarHeTUKH.

TexHuueckne yCTpOMCTBA M TEXHOJOTMYECKHE TMPOLIECCHL: IPUMEHEHHUE
MMOCTOSIHHBIX MAarHWUTOB, 3JICKTPOMArHUTOB, TECTEP-MYJIbTUMETP, JJIEKTPOIABUIATEID
SAxo0u, yCKOpUTEIH 3JIEMEHTapHBIX YaCTHII.

Jlemoncmpayuu
Kaptuna nuHMI WHAYKIIMM MarHUTHOTO TOJISl MOJIOCOBOT'O U MOJKOBOOOPa3HOIO
MOCTOSTHHBIX MarHUTOB.
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KapruHa nuHWII MarHUTHOM WHAYKUUHA TOJIS JJIMHHOTO MPSIMOrO IPOBOJHUKA
Y 3AMKHYTOT'O KOJIBLIEBOTO ITPOBOIHUKA, KATYIIKU C TOKOM.

B3anmonenicTBue AByX NPOBOJHUKOB C TOKOM.

Cuna Amnepa.

JlelicTBue cuiibl JIOpeHila Ha MOHBI AJIEKTPOJIATA.

Habnronenue nBr>KeHHs yYKa 3JIEKTPOHOB B MAarHUTHOM I1OJIE.

[TpuHIIUTT AEUCTBUS DIEKTPOUIMEPUTEIHLHOTO TPUOOpa MArHUTOIIEKTPUUIECKOM
CUCTEMBI.

Yuenuueckuii oaxcnepumenm, rabopamopHule pabomul, NPAKMUKYM
HccnenoBanne MarHUTHOTO TTOJISI HOCTOSTHHBIX MAarHUTOB.
HccnenoBanue cBONCTB (peppOMarHETHKOB.
HccnenoBanue neiicTBUs MOCTOSHHOTO MarHWTa Ha paMKy C TOKOM.
N3mepenue cunbsl Amrepa.
N3ydyeHue 3aBUCUMOCTU CUJIBI AMIIEpa OT CHJIbI TOKA.
Ornpenenenne MarHMTHOM MHAYKIIMM HA OCHOBE U3MEPEHUS CUJIbI AMIIepa.

Tema 5. Dnexmpomaznumnan uHOYKyUA

SBneHue ANEKTPOMArHUTHOW MHAYKIMU. [IOTOK BEKTOpa MarHMTHON WHIYKIHH.
OJAC wuHAyKIMU. 3aKOH OJJIEKTpOMAarHUTHOW wHAyKuuu @apanes. Buxpepoe
anexkTpudeckoe noiie. Toku Pyko.

OJ1C vHayKUMK B TPOBOJHUKE, ABUKYIIEMCS B OJJHOPOJTHOM MarHUTHOM TIOJIE.

[TpaBuno Jlenua.

NunyktuBHOCTH. Karyiika MHAYKTUBHOCTH B LIEMU IOCTOSHHOIO TOKa. fBieHue
camouHAyKIuu. IJIC caMOMHIYKIIUH.

DHEprusi MAarHUTHOT'O TOJISI KATYIIKUA C TOKOM.

DJIEKTPOMArHUTHOE TOJIE.

TexHnueckue yCTpOWCTBA M TEXHOJIOIMYECKHUE MPOLIECChl: MHAYKIIMOHHAS TEYb,
COJIEHOU/I, 3AIUTA OT AJEKTPU3ALMU TEN NPU IBUKEHUNA B MArHUTHOM T10JIE 3€MJIH.

Llemoncmpayuu

HabGnronenue siBieHMS 3JIEKTPOMAarHUTHONW WHYKITUH.

Uccnenosanue 3aBucumoct 3J{C MHAYKIMHU OT CKOPOCTH U3MEHEHUS MATHUTHOTO
IIOTOKA.

IIpaBuio Jlenna.

[Tanenue maruuTa B altOMUHUEBON (MEIHOM) TpyOe.

SIBneHyre caMOMHYKIUN.

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

Vuenuuecxuii sxcnepumenm, rabopamopHwvle pabomol, NPaAKMUKYM
HccnenoBanue siBICHUS 3JIEKTPOMAarHUTHOW UHTYKIIAH.
OnpeneneHne MHAYKIUA BUXPEBOTO MArHUTHOTO TOJISI.
HccnenoBanue siBIIeHUS CAMOUHIYKIIUH.

CoOopka MOJIe I AJIEKTPOMarHiTHOT'O TeHepaTopa.

20
HokymeHT co3aaH B anekTpoHHon chopme. Ne Corn 103 ot 28.04.2026. VcnonHuTens: KOHycosa 3.H. r'.?ﬂEKTPOHHbIﬁ
CtpaHuua 20 u3 97. CtpaHuua cosfaHa: 28.04.2026 17:44 =¥ TATAPCTAH



®enepanbHas pabouas mporpamma | @usnka. 10—11 kmaccsr (yriayOaeHHbINH YPOBEHB)

Pa3nea 5. Koinedanus v BOJTHBI
Tema 1. Mexanuueckue Konebanus

KonebarensHas cuctema. CBOOOIHBIC KOeOaHM.

I'apmonunveckue koneOanusa. KunHeMarnmdeckoe W JUHAMHYECKOE OIHCAHHE.
DHEpPreTUueckoe ONucaHue (3aKOH COXPAHEHHs MEXaHU4eCKOW »Hepruu). BeiBon
JTUHAMUYECKOTO0 ONUCAHMUS TapMOHUYECKUX KoJIeOaHUM M3 HX HHEPreTHUYECKOro
1 KMHEMATUYECKOIr0 OIMCAHUS.

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

Ilepnonq wm wyacrora kosiebanuii. Ilepuoxg Manbix CBOOOMHBIX —KOJeOaHMIA
MaTeMaTH4ecKoro MasiTHUKa. [leprosr cBOOOAHBIX KOJIeOaHUM MPYKUHHOI'O MasiTHHUKA.

[Tonarne o 3aryxawmmx KojeOaHusX. BeiHyxIeHHbIE KojeOaHnus. Pe3oHanc.
Pesonancnas kpuBas. DBrusHue 3aryxaHus Ha BHJ PE30HAHCHOW KPHUBOM.
ABTOKOICOaHUS.

TexHHYecKne yCTpPOHMCTBA M TEXHOJIOTMYECKHUE IIPOIIECChl: METPOHOM, 4Yachl,
Ka4deJi, My3bIKaJIbHbIE MHCTPYMEHTHI, ceiicMorpad.

Jlemoncmpayuu

3anuch Koie0aTeIbHOrO IBUKEHUSI.

HaOmronenne HE3aBUCMMOCTH IE€pUOJa MalbIX KojeOaHWN Trpy3a Ha HUTH
OT aMILTUTY/IbI.

HccnenoBanue 3aryxaroolux KojeOaHMNW W 3aBUCUMOCTH MEpHOAa CBOOOIHBIX
KoJIe0aHUil OT COMTPOTHUBIICHHUS.

Hccnenosanue kosiebaHuil Tpy3a Ha MACCUBHOM NPYKUHE C 1IEJIbI0 (POPMUPOBAHUS
peaCcTaBIeHUN 00 UAeaTbHOW MOIETH MPY>KUHHOTO MAasSTHHKA.

3aKOH COXpaHEHHUs SHEPTUU NpU KOolIeOaHUIX Ipy3a Ha MPYKUHE.

HccnenoBanue BbIHYKIEHHBIX KOJICOaHUH.

HabGnronenue pesonanca.

Yyenuueckuii sxcnepumenm, 1abopamopHule pabomol, NPAKMUKYM
N3mepenue neproia CBOOOTHBIX KOJICOAHUI HUTSHOTO U TIPY>KUHHOT'O MAasTHHKOB.
N3ydyeHne 3aKOHOB IBUKEHUS Tella B X07¢ KoJieOaHU Ha YIIPYroM ToJIBEcCe.
N3yuyenne nBuAKEHUSI HUTSHOTO MasiTHUKA.
[IpeoOpazoBaHue SHEPTUU B MPY>KUHHOM MasiTHUKE.
HccnenoBanue yObIBaHUS aMITUTY Bl 3aTYXaOIINX KOJICOaHMIA.
HccnenoBanue BRIHYKEHHBIX KOJICOAHUH.

Tema 2. Inexmpomaznumnuole Ko1ebanus

Kone6arenbHblit KOHTYp. CBOOOIHBIC DJIEKTPOMArHUTHBIC KOJI€OaHUs B UJI€aTbHOM
KojebaTeapHOM KoHType. @opmyna ToMcona. CBs3b aMILTUTY/IBI 3apsiia KOHIEHcaTopa
C aMILTUTYIOM CUJIBI TOKA B KOJie0aTeIbHOM KOHTYpE.

3aKOH COXpaHEHUS SHEPTUU B HJICaTbHOM KoJie0aTeIbHOM KOHTYpE.

3aryxarorniye JeKTPOMarHuTHbIC KoneOanus. BeIiHYKIeHHBIC JIeKTPOMarHUTHBIC

KOJICOaHHS.
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IlepemeHnHBIN TOK. MOIIHOCTE IEPEMEHHOT0 TOKA. AMIUIUTYAHOE U ACUCTBYIOIIEE
3HAYEHHUE CUJIbl TOKA U HAIPSLKEHUS TIPU Pa3InYHON (popMe 3aBUCUMOCTH MIEPEMEHHOTO
TOKa OT BPEMEHH.

CHuHycOMIANBHBIM NEpEMEHHBI TOK. Pe3ucrop, KOHAEHCATOp W  KaTyllKa
WHIYKTHUBHOCTH B IENW CHHYCOWJAIBHOIO NEPEMEHHOIO0 TOKAa. Pe30HaHC TOKOB.
Pe3onaHc HanpsKeHHUI.

Uneanbusiii  Tpanchopmatop. [IpousBoacTBo, mepenada U MOTpeOsIeHHE
DIIEKTPUYECKOU SHEPTUHU.

OKOJIOTMYECKHE PUCKH IIPU  MPOU3BOJACTBE  JJEKTpodHepruu. KympTypa
WCIIOJIb30BAHMSA JIEKTPOIHEPTUU B IIOBCEIHEBHON KU3HU.

TexHuyeckrue yCTpomCcTBa U TEXHOJIOTUYECKUE ITPOLECCHI: IIEKTPUYECKUN 3BOHOK,
IE€HEPATOp IIEPEMEHHOI0 TOKA, JIMHUU JJIEKTPOIIepeay.

Llemoncmpayuu

CB0OOIHBIE 2JIEKTPOMATHUTHBIE KOJICOAHMS.

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

OcuumiorpaMMbl AIEKTPOMAarHUTHBIX KOJIEOAHHIA.

['eneparop He3aTyxaroUmX JIEKTPOMArHUTHBIX KOJIEOAHUH.

Mogenb 31eKTPOMarHuTHOT O TeHEpaTopa.

BrinyXeHHBIE CHHYCOUAAIbHBIE KOJICOaHMUSI.

Pe3ucrop, kaTyilka MHIYKTUBHOCTH U KOHJIEHCATOP B LIEMU MEPEMEHHOTO TOKA.

Pezonanc mnpu  mociaegoBaTENbHOM — COEAMHEHHM  PE3UCTOPa,  KATYHIKH
WHJIYKTUBHOCTH M KOHJIEHCATOPA.

YcTpoicTBO M IPUHITUT ACUCTBUS TpaHchopmaTopa.

Mogenb JIMHUY 3IEKTPOIepeIayuu.

Yuenuueckuii oaxcnepumenm, rabopamophule pabomvl, NPaAKMUKYM

N3ydenue tTpanchopmaropa.

NccnenoBanne NEPEMEHHOrO TOKA 4YE€pe3 IOCIEA0BATEIBHO COEIUHEHHBIE
KOHJIEHCATOP, KaTYIIKY U PE3UCTOP.

Habmrogenue 351eKTpOMarHuTHOrO pe30HaHCa.

HccnenoBanne paboThl HCTOYHUKOB CBETA B LIETIH IEPEMEHHOTO TOKA.

Tema 3. Mexanuueckue u 31eKmpoMacHUMHbLE 60IHbL

MexaHn4ecKue BOIHbI, YCIOBHS UX pacnpocTpaHeHus. [lonepednsie U MpooibHbIE
BOJIHBL. Ileprof, CKOpOCTh pacpoCTpaHeHUs U JJIMHA BOJIHBL. CBOKMCTBA MEXaHUYECKHUX
BOJIH: OTPAKEHUE, peSIoMIIeHNEe, UHTep(EepeHITUS U TUPPAKIIUSL.

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

[IIymoBO€ 3arpsi3HEHUE OKPYKAIOLIEN CPEbI.

DNEeKTPOMAarHUTHHIE BOJHBL. Y CJOBHUS HW3JIYYEHHS] AJIEKTPOMATHUTHBIX BOJIH.

—

B3aumHas opueHTanus BEKTOpPOB E, B, ¥ B 3JIEKTPOMarHUTHON BOJIHE.
CBolicTBa 3JIEKTPOMAarHUTHBIX BOJIH: OTPaKEHUE, MPEIOMIICHHUE, MOJISpU3ALINS,

uHTEepPEepeHns U TUPPaKIIUs.
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[IIkaya >€KTpOMarHuTHBIX BOJIH. [[puMeHeHNEe 311EKTPOMArHUTHBIX BOJIH B TEXHUKE
U OBITY.

[TpuHIMIIBI paIUOCBA3U U TeNEBUAEHUS. Pagnonokamnus.

DJIEKTPOMArHUTHOE 3arpsiI3HEHUE OKPYKAIOLIEH CPEbI.

TexHuueckne yCTpOHMCTBA M MPAKTUUECKOEC NPUMEHEHUE: MY3bIKAJIbHBIE
WHCTPYMEHTHI, pajiap, paJuONPUEMHUK, TEJIEeBU30p, aHTeHHa, TenedoH, CBY-meus,
YJIBTPa3BYKOBasl TMArHOCTUKA B TEXHUKE U MEIULIUHE.

Jlemoncmpayuu

OO0pazoBaHue 1 pacpoCTpaHEHHUE MOMEPEYHBIX M MPOI0JIbHBIX BOJH.

Kone6mromeecst Teo Kak HCTOYHUK 3BYKA.

3aBUCUMOCTb JJTMHBI BOJHBI OT YaCTOThI KOJIEOaHU M.

HaOmonenue oTpaxeHus 1 NPeoMICHNS MEXaHUYECKUX BOJIH.

HaGmonenue nareppepeHunu u AUPpakiini MEXaHUYECKUX BOJH.

AKyCTUYECKHAN PE30HAHC.

CBoiicTBa yJibTpa3ByKa U €ro MpUMEHEHUE.

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

HccrnenoBanue CBOWCTB 3JEKTPOMAarHUTHBIX BOJH: OTpPakK€HUE, IPEOMIICHUE,
noJsipuzanus, Tuppaxus, MHTepPepeHus.

OGHapyxeHune nH(PpaKkpacHOTo U yJIbTPaPHUOIETOBOIO U3ITYUEHUH.

Yuenuueckuii osxcnepumenm, rabopamophule pabomul, RPAKMUKYM
N3yuenne napameTrpoB 3ByKOBOW BOJIHBI.
N3yuenune pacipocTpaHeHUs 3ByKOBBIX BOJIH B 3aMKHYTOM IPOCTPAHCTBE.

Tema 4. Onmuka

[IpsamonuHeriHOE pacnpoCTpaHEHUE CBeTa B ONHOPOIHOW cpexe. Jlyd cBera.
To4deuHbIN UCTOYHHK CBETA.

OTtpaxenne cBeTa. 3aKOHbI OTpaxeHHs cBera. [locTpoeHne u300paKeHHI
B TuIockoM 3epkaiie. Cepuueckue 3epkana.

[Ipenomnenue cBera. 3aKOHBI TMPEIOMJICHHUS CBeTa. AOCOJIOTHBIM TMOKa3aTeNb
npesnoMiieHus. OTHOCHUTEIIbHBINA TOKa3aTeNb MpesioMieHus. [I0CTOSSHCTBO 4aCTOThI CBETA
Y COOTHOIIIEHUE JIJIMH BOJH MPHU MEPEXOJIC MOHOXPOMATUYECKOTO CBETA YEpE3 FPAaHULLY
paszela IByX ONTHYECKUX CPE.

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

[TonHoe BHyTpeHHee oTpaxkeHue. IlpenenbHbI yroia MOTHOrO BHYTPEHHETO
OTpaXKEHUS.

Cobuparome U paccenBarouiue JMH3bl. ToHKass JmH3a. DOKYCHOE pacCcTOSHHE
M ONTUYECKas CWjIa TOHKOW JIMH3bl. 3aBUCHUMOCTh (DOKYCHOI'O PpPacCTOSHUSA
TOHKOW CQepudyecKkoil JHMH3blI OT €€ TIEeOMETPUM U OTHOCHUTEIBHOI'O IOKa3aTelis
IIPEJIOMIICHHS.

dopMysa TOHKOU JUH3BL. Y BEIMYECHHUE, JaBAEMOE JIUH30M.
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Xon Jyda, OPOWEAUIETO JHWH3Y MOJ NPOWU3BOJIBHBIM YIJIOM K €€ TJIABHOM
orntuyeckor ocu. IlocTpoeHne n300pakeHUt 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
HAOJIFIOICHUST MAaKCUMYMOB U MHHHUMYMOB B WHTEP(EPEHIIMOHHON KapTHHE OT JBYX
KOT€PEHTHBIX UCTOYHUKOB. [IprMephI Kjaccuueckux HHTEPPEPEHITMOHHBIX CXEM.

Hudpakuus ceta. Judpakuronnas pemietka. YcioBue HaOMIOICHUS TIaBHBIX
MaKCUMYMOB MIPH MaJICHUH MOHOXPOMAaTUYECKOT0 CBETa Ha TUPPAKIIMOHHYIO PEIIETKY.

[Tonsipu3zanms ceera.

TexHn4ecKkne yCTpOMCTBA U TEXHOJOTHMYECKUE MPOLECCHI: OUKH, JyIa, EPUCKOI,
doroanmnapar, MHUKPOCKON, MPOCKIMOHHBIA amnmapar, TMPOCBETICHUE OINTHKH,
BOJIOKOHHAS ONTHKA, TU(PpaKIIMOHHAS pEIIeTKa.

Jlemoncmpayuu

3aKOHBI OTpaKEHHUS CBETA.

HccnenoBanue nmpenomMieHUs CBETa.

Habmroienre momHoro BHyTpEHHETO OTpakeHuss. Mojienbk CBETOBO/IA.

HccnenoBanne xoma CBETOBBIX IMYYKOB Yepe3 IJIOCKOMAPAUICIBbHYIO TLIACTHHY
U TIPU3MY.

UccnenoBanue cBOMCTB M300paXKEHUM B JIMH3AX.

Mopenu MUKpPOCKOIIa, TEIECKONa.

Hab6monenne natepdepeHInm CBETA.

HabmroieHre 11BeToB TOHKUX IUICHOK.

Hab6mronenune nudpakium creta.

N3yuenue AuppakiiMOHHON PEIIETKH.

Hab6monenne nudpakiimiOHHOTO CIIEKTpA.

Hab6monenune nucnepcuu cBera.

Hab6mroienue nosnsipusaiuuy cBera.

[TpumeneHre moIIpOnuIOB TSl H3YUCHUSI MEXaHUUECKUX HaIPsHKCHUH.

Yuenuueckuui axcnepumenm, iabopamopuvie pabomul, NPAKMUKYM

N3mepenue mokasarens MpeaoMIIeHUs CTEKJIA.

HccnenoBanue 3aBUCMMOCTH (DOKYCHOTO PAacCTOSHUSL OT BEIlIeCTBa (HAa MpuUMepe
KUJKUX JIUH3).

N3mepenue GpokycHOTO pacCTOSHHS pacCerBAIOIINX JIMH3.

[Tomyuenue n300paskeHUsl B CUCTEME U3 TIOCKOTO 3epKajia M JINH3BI.

[Tomyuenue n300pakeHUsI B CUCTEME U3 JIBYX JIMH3.

KoHcTpynpoBaHUe TEIECKOMUYECKUX CHCTEM.

Hab6monenune nudpakiuu, nHTEpdEpeHIINN U TOIIPU3aLIUNA 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.

[lonydyenune cnekTpa HW3JIy4€HHUS CBETOAMOJA MpPU MOMOIIM JU(PAKLIHOHHOM
PELIETKH.

Pa3znes 6. OcHOBBI crIenMATIBLHOI TEOPUM OTHOCUTEIBHOCTH

I'pannubl TPpUMEHUMOCTH KJIacCUYECKOM MexaHuku. [locrymatsl crnienuanbHOU
TEOPUHU OTHOCUTEIIBHOCTH.

[IpoctpancTBeHHO-BpeMeHHON uHTepBasl. [IpeoOpa3oBanus JlopeHma. VYcioBue
OpUYUHHOCTH.  OTHOCHUTEIBHOCTh  OJHOBPEMEHHOCTH.  3aMEIJIEHHUE  BpPEMEHHU
Y COKpaLICHUE JUIMHBI.

DHeprus ¥ UMNYJbC PEIATUBUCTCKON YaCTULIBI.

CBs13p Macchl ¢ 3HEPrUed U UMITYJIbCOM PEISITUBUCTCKON YaCTHUIIbI. DHEPIHsI ITOKOSI.

TexHuueckue yYCTPOWCTBA U TEXHOJIOTMYECKHE MPOLIECCHI:  CIYTHUKOBBIC
IIPUEMHUKHU, YCKOPUTEINH 3aPSKEHHBIX YaCTHII.

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

Paznen 7. KBanToBasi pusuka
Tema 1. KopnycKynapno-60ano60it 0yaausm

PaBHOBecHOE TeroBoe U3IydyeHHE (M3TydeHre adCOMIOTHO YE€PHOTO Teja). 3aKoH
cMmemienus Buna. I'unoresa Inanka o kBaHTax.

DOTOHBI. DHEPTUsl U UMITYJIbC (POTOHA.

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

JlaBnenue cBeta (B 4aCTHOCTH, JABJICHHE CBETa Ha a0COJIOTHO IOTJIONIAFOIIYIO
1 a0COTIOTHO OTpaXkaroIyto moBepxHocTh). OnbiThl [1.H. Jlebenera.

BonnoBeie cBoucTBa wactul. Bomubl ae bpows. JlnuHa BosHbl g€ bpoitns
U pa3Mepbl 00JIaCTH JIOKAJIM3AlMK JIBIXKYIIEcs yacTuibl. KopmyckynsipHO-BOJIHOBOM
nyanusMm. Judpakius 31eKTpoHOB Ha KpUCTalIax.

Cneunduka wusmepeHuit B Mukpomupe. COOTHOIIECHUS HEONpPeaeIeHHOCTEN
['eitzenOepra.

TexHuyeckne yCTpOMCTBA W TEXHOJOTMYECKUE IIPOLECCHI:  CIEKTPOMETP,
dboTod51eMeHT, POTOIATUMK, TYHHEJIbHBI MUKPOCKOII, COJIHEUHAsl OaTapesi, CBETOANO/I.

Jlemoncmpayuu
®oto3dh(dHeKT Ha YCTAaHOBKE C IMHKOBOM TJIACTUHOM.
Hccnenosanue 3axkoHOB BHENIHEToO (hoTodddekTa.
HccrnenoBanue 3aBUCUMOCTH COTIPOTHBIICHHUS TIOYITPOBOIHUKOB OT OCBEIIEHHOCTH.

25
HokymeHT co3aaH B anekTpoHHon chopme. Ne Corn 103 ot 28.04.2026. VcnonHuTens: KOHycosa 3.H. r'.?ﬂEKTPOHHbIﬁ
CtpaHuua 25 u3 97. CtpaHuua cosfnaHa: 28.04.2026 17:44 =¥ TATAPCTAH



®enepanbHas pabouas mporpamma | @usnka. 10—11 kmaccsr (yriayOaeHHbINH YPOBEHB)

Ceronuo.
Conneunas Oarapes.

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

Tema 2. Qu3zuka amoma

OneIThl TIO MCCIEAOBAHUIO CTpOeHUsI aroma. IlnmanerapHas Mojaens aroma
Pezepdopna.

[Toctynatet bopa. M3nydenme u morsomieHre (OTOHOB MPH TEPEXO0]e aToMa
C OJTHOT'O YPOBHS SHEPIMU Ha APYrOW.

Bunsl cnexktpoB. CekTp ypoBHEN SHEPrUU aToMa BOJOPOAA.

CnioHTaHHOE M BBIHYXJECHHOE U3ydeHue cBera. Jlazep.

TexHuueckrne yCTpOMCTBAa U TEXHOJOTMYECKUE MPOLIECCHI: CIEKTPAIbHbIA aHAINU3
(CIeKTpOoCKOIT), Ja3ep, KBAHTOBBIM KOMITBIOTED.

Jlemoncmpayuu
Mogens onbita Pezepdopna.
Habnronenne mmHelyaThIX CIIEKTPOB.
VY CTpoilCTBO U AEHCTBHE CUETYMKA HOHU3UPYIOIINX YACTHII.
Ornpenenenue AJIMHBI BOJHBI JIA3€PHOT0 U3ITYYEHUS.

Vuenuuecxuii sxcnepumenm, rabopamopHwle pabomol, NPaAKMUKyM

Hab6mroienue nuHevyaToro cnekTpa.

UccnenoBanue crekTpa pa3peKEHHOTO aTOMapHOIo BOAOpPOJIa U HM3MEpPEHUE
noctosiHHol PunGepra.

Tema 3. Du3uka 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 paJiMOaKTUBHOIO pacmnaja. PannoakTuBHBIE U30TONBI B npupoe. CBoiicTBa
VOHU3UPYIOLIETO M3JIy4eHUsl. BriusHuE paguoaKTUBHOCTHM Ha JKHUBBIE OPraHU3MBI.
EctecTBeHHbIi QOoH n3inydenus. Jlozumerpusi.

DHeprus CBs3M HYKJIOHOB B sifipe. SAaepubie cuiibl. JledekT maccer siapa.

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

MeTonbl perucTpalumu U UCCIEIOBAHUS SJIEMEHTAPHBIX YACTHIL.

OyHIaMEHTaJIbHbIE  B3aUMOAECWUCTBUS.  bapvOHBI, ME30HbBI W  JICOTOHBL.
[IpencraBnenue o CtanaaptHoil Mojenu. KBapk-riatooHHas MOAENb aJpOHOB.
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®uznka 3a npenenamu CrangapTHol Mozenu. TeMHas MaTepus U TEMHAs SJHEPTHs.

EnuncTBO u3nueckoi KapTUHBI MUPA.

TexHu4ecKkne yCTPOWCTBA M TEXHOJOTMYECKHE ITPOLIECCHI: JIO3MMETpP, Kamepa
BunbcoHa, siepHbIi peakTop, TEPMOSIEPHBIA peakTop, aToMHas OomM0Oa, MarHUTHO-
pe30HaHCHasi ToMOorpadusi.

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

Pa3zges 8. DiieMeHTBI ACTPOHOMUM U ACTPOPU3UKH

Ortanbl pa3BUTHS acTpoHOMUU. lIpUKnIamHOE M MHPOBO33PEHUYECKOE 3HAUYECHUE
acTpoHOMUH. [[pPMEHNMOCTh 3aKOHOB (DM3HUKH I OOBSICHEHUS TTPUPOIBI KOCMUYECKUX
O0OBEKTOB.

Metoasl acCTPOHOMHUYECKUX Uccleq0BaHU. COBpEMEHHBIE ONTUYECKHUE TEIECKOIIBI,
pPaIMOTENECKOTBI, BHEaTMOC(hEepHast aCTPOHOMUS.

Bun 3Be3nnoro Heba. Co3Besnus, pKue 3B€3/1bl, IUTAHETHI, UX BUJANMOE JIBUKEHUE.

Conneunas cucrema.

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

3Be3/bl, UX OCHOBHBIE XAPAKTEPUCTUKH. JlMarpamMma «CHEKTPAJIbHBIA KJIacc —
CBETUMOCTb». 3B€3[bl TJIABHOM IOCJIEIOBATEIbHOCTH. 3aBUCHUMOCTh «Macca —
CBETUMOCTB)» ISl 3B€3]] TJIABHOM IOCIEA0BATEILHOCTA. BHYTpEHHEE CTpOEHHUE 3BE3I.
CoBpeMeHHbIE MPEACTABICHUS O TPOUCXOXKICHUU U IBOIMIOIMU COIHIIA U 3B€3/1. DTallbl
JKU3HHU 3BE3/I.

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

Bcenennas. Pacmmpenne Bceenennoii. 3akon Xa06ia. Pasberanue rajgakTHK.
Teopus bosbioro B3peiBa. PenmkToBO€ U3ITy4yeHUE.

MacmtabHas ctpykTypa BeenenHoil. MeraranakTuka.

Hepemennpie mpo0iaeMbl aCTPOHOMUM.

Vuenuueckue nabnooenus
HaGmroneruss 3Be3gHoro HeOa HEBOOPY)KEHHBIM TJIa30M C  HCIIOJIb30BAHHEM
KOMITBIOTEPHBIX TPUIOKEHUNU JUIsl ONMpPENCTCHUS TOJOKEHUSI HEOECHBIX OOBEKTOB
Ha KOHKPETHYIO J1aTy: OCHOBHBIC c03Be3us1 CEeBEpHOTO MONYIIApHsl M IPKUE 3BE3THI.
Hab6mronenus B Teneckorn JIyHbl, IaHeT, TYMAHHOCTEH M 3BE3JIHBIX CKOTLJICHUM.

Pu3nyecKrid NPaKTUKYM

CnocoOsl  u3MepeHus: (PU3NUECKUX BEIUYMH C MCIOJIb30BAHUEM aHAJIOTOBBIX
U 1U(POBBIX H3MEPUTEIBHBIX MPUOOPOB U KOMIBIOTEPHBIX JATYMKOBBIX CHCTEM.
AOCOIIOTHBIE W OTHOCHUTENBHBIC MOTPEUTHOCTH HW3MEPEHHN (PU3NYECKUX BEIUYUH.
OueHka rpaHuil MOrPeIIHOCTEN.

[IpoBeneHre KOCBEHHBIX WM3MEPEHUM, UCCIEIOBAaHUM 3aBUCUMOCTEH (PU3HMUYECKUX
BEJIMYMH, TIPOBEPKA TMPEIJIOKEHHBIX THUIOTe3 (BBIOOp U3 PadOT, OMHMCAHHBIX
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B TEMaTHYECKHX pa3lienax «YUYEHUYECKHIl SKCIEpUMEHT, J1abopaTOpHbIE pPalOOTHl,
MPAKTUKYM).

00001 aronee NnoBTOpeHuE

O0o001meHne M cucreMaTH3alusl COAEpKaHUs pas3ienoB Kypca «MexaHukay,
«MonekynsipHass (QU3MKa U TEPMOAUMHAMHKA», «DIEKTpoAuHaMHKay, «Konebanus
U BOJIHBD», «OCHOBBI CHIELUAIBHON TEOPHUH OTHOCUTEIbHOCTHY, «KBaHTOBas (husukay,
«DJIeMEHTBI aCTPOHOMUU U aCTPOPUIUKI».

Ponb Qu3uku U acTpOHOMUM B KOHOMHYECKOW, TEXHOJOTUYECKOU, COLUATBHOM
U ATUYECKOW cepax NeATeTbHOCTH YeJOBEKa, pojib U MECTO (M3HKU U aCTPOHOMHHU
B COBPEMEHHOM  HAay4yHOW  KapTUHE  MHupa, 3HAYECHUE OIMCATEIILHOM,
CUCTEMATH3UPYIOIIeH, OOBICHUTEIHPHOM M MPOTHOCTUYECKOW (QYHKUIMK (Puznueckoit
TEOpPHH, poiib (PU3HUEecKOr Teopuu B (POPMHUPOBAHHUH MPEACTABICHUN O (PU3NYECKOU
KapTUHE MHpa, MECTO (PU3MUECKON KapTUHBI MHpa B OOIIEM psAIy COBPEMEHHBIX
€CTECTBEHHO-HAYYHBIX MPEICTABICHUN O IPUPOJE.

MexnpeaMeTHbie CBSI3H

N3ydenue kypca ¢usuku yriay0iaeHHOro ypoBHs B 11 kiacce ocyliecTBIsIeTCS
C YYETOM COJICPKATEIbHBIX MEXKITPEIMETHBIX CBA3EH C KypcaMHu MaTeMaTUKU, OMOJIOTHH,
XUMUH, Teorpaduu U TEXHOJIOTUH.

Mesicnpeomemnovie NOHAMUA, CEA3AHHbLIE C U3YUEHUEM MEMO008 HAYUHO20
no3nanus: SABJICHUE, HAyYHBIN (DakT, rUmnoTe3a, pu3ndeckasl BeIMUYMHA, 3aKOH, TEOpUs,
HAOJIIO/ICHUE, DKCIEPUMEHT, MOJCIUPOBAHUE, MOJElb, H3MEPEHHE, TOrPEITHOCTH
U3MEpPEHUN, U3MEepUTEIbHBIE PUOOPHI, IU(poBas JadbopaTopusi.

Mamemamuxa: Pemenue cuctemsl ypaBHeHUi. TpuroHoMerpruyeckue QyHKIUU:
CUHYC, KOCHUHYC, TAHT€HC, KOTAHT€HC, OCHOBHOE€ TPUTOHOMETPUUYECKOE TOXIECTBO.
BekTopbl M HMX TPOEKIIMM HAa OCH KOOpPJHUHAT, CIIOXKEHHE BEKTOPOB. [Ipon3Bo/iHBIC
aneMeHTapHbIX (GyHKuMi. [Ipr3Haku mogoOus TpeyrojJbHUKOB, ONpPEIEIECHUE TUIOIIAIN
MI0CKUX GUryp 1 oobemMa Tel.

Buonozus: >nexTpudeckuie sIBICHUS B )KUBOUM MPUPOJIE, KOJIeOATEIbHBIC JTBUKCHUS
B JKMBOW NPUPOJE, IKOJOTMYECKUE PHUCKA NPU MPOU3BOACTBE 3JIECKTPOIHEPIUH,
AJIEKTPOMArHUTHOE 3arps3HCHUE OKPYXKAIOWIEW Cpelbl, YIbTPA3BYKOBAas IHArHOCTHKA
B MEJULIMHE, ONTUYECKHUE SIBJICHUS B )KMBOM MPUPOJE.

Xumusa: CTpOEHHE aTOMOB U MOJIEKYJI, KPUCTAIIMYECKasl CTPYKTYpa TBEPABIX TE,
MEXaHU3MbI 00pa30BaHUsl KPUCTAJUIMUECKON PEIIeTKH, CIIEKTPaIbHbIN aHAIN3.

T'eocpaghus: marHuTHbIE TONIOCa 3€MIIM, 3aJIe)KM MAarHUTHBIX pyl, (GoTocheMka
3eMHOM MTOBEPXHOCTH, cericMorpad.

Texnonozun: TPUMEHEHUE  TIOCTOSIHHBIX  MArHUTOB,  3JICKTPOMArHUTOB,
AIEKTPOJIBUTATENh SIKOOU, reHepaTop MEePEMEHHOI0 TOKA, UHAYKIIMOHHAS Te€4b, JTUHUU
AJIEKTPOIIEpenayd, 3JNEKTPOABUTATENb, pajgap, PaaUONPUEMHUK, TEIEBU30P, AHTCHHA,
tenedon, CBU-neub, ynbTpa3ByKoBasi AMarHOCTUKA B TEXHUKE, POCKIIMOHHBIN amnmnapar,
BOJIOKOHHAsl OINTHKA, COJIHEUHAs OaTapes, CIYyTHUKOBBIE TMPUEMHHKH, sIepHas
DHEPreTUKA U SKOJIOTUYECKHUE aCIIEKThI €€ Pa3BUTHS.
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IINIAHUPYEMBIE PE3YJIBTATBI OCBOEHHUSA ITPOI'PAMMBI 110 ®U3UKE
HA YPOBHE CPEJHEI'O OBILIEI'O OBPA30BAHUA

OcBoeHnue yueOHOro mnpenmera «@PuU3MKa» HA YPOBHE CPEAHETO OOMIETro
oOpa3oBaHus (yriIyOJICHHBIH YPOBEHB) IOJDKHO OOECIICUUTH JOCTHUKEHUE CIIEAYIOIINX
JMYHOCTHBIX, METAIIPEIMETHBIX M MPEAMETHBIX 00pa30BaTEIbHBIX PE3YIBTATOB.

JIMYHOCTHBIE PE3YJIBTATBI

JIM4HOCTHBIE pPe3yJbTaThl OCBOCHHUS ydeOHOro mnpeaMera «Dduszukay TOKHBI
OTpaXaTb  TOTOBHOCTb M  CIIOCOOHOCTh  OOYYArOMIMXCS ~ PYKOBOJCTBOBATHCS
chOpMUPOBAHHOW BHYTPEHHEW TIO3UIMEH JUYHOCTH, CHCTEMON IIEHHOCTHBIX
OpUEHTAIUH, TO3UTUBHBIX BHYTPEHHUX YOEKIEHUI, COOTBETCTBYIOIIUX TPAAUIIMOHHBIM
IIEHHOCTSIM POCCHICKOTO OOIIECTBA, PACIIMPEHUE >KU3HEHHOTO OIBITa W OIbITa
NEATENIbHOCTA B MPOLECCE peaM3allid OCHOBHBIX HAIpPaBJICHHI BOCHUTATEIbHON
JIEATENBHOCTH, B TOM YHCJIC B YaCTH:

1) rpaxaaHcKoOro BOCIMTAHMS:

c(hOpPMUPOBAHHOCTh TPAXKIAAHCKOM TMO3ZUIMH OOYJaroUIerocss Kak aKTHUBHOTO
¥ OTBETCTBEHHOI'0 YJIEHA POCCUUCKOr0 OOIIECTBA;

MIPUHSITHE TPaaULIMOHHBIX 00I111eYETTOBEYECKUX T'YMaHUCTUYECKUX
Y IEMOKPAaTUYECKUX LICHHOCTEN;

FOTOBHOCTh BECTH COBMECTHYIO JEATECIBHOCTh B MHTEpPECaxX TIPakdaHCKOTO
o0IIIeCTBa, Y4aCTBOBATh B CAMOYIPABICHUU B 00pa30BaTEIIbHON OpraHU3aInu;

YMEHHE B3aUMOJAECHUCTBOBATH C COLMAIBHBIMU MHCTUTYTaMH B COOTBETCTBUH C HX
GYHKIUSMHA 1 HA3HAYCHUEM;

TOTOBHOCTh K TYMaHUTAapPHOM U BOJIOHTEPCKOU JIESITEIbHOCTH;

2) NATPUOTHYECKOr 0 BOCIIUTAHUSA:
c(hOpMUPOBAHHOCTH POCCUHCKON IPpaXKJaHCKON MACHTUYHOCTH, TAaTPUOTU3MA;
IICHHOCTHOE OTHOIIEHWE K TOCYJapCTBEHHBIM CHMBOJIAaM, JIOCTHKECHUSIM
POCCUIMCKUX YUEHBIX B 00J1aCTH (DU3UKU U TEXHUKE;

3) IyXOBHO-HPABCTBEHHOI'0 BOCTIMTAHMSI:

c(hOopMUPOBAHHOCTb HPABCTBEHHOI'O CO3HAHUSI, TUYECKOTO MTOBEICHUS;

CIIOCOOHOCTh OIICHMBATh CHUTYallMI0O W MPUHUMATh OCO3HAHHBIC PEIICHMUS,
OPUEHTHPYSCh HAa MOPAIbHO-HPABCTBEHHBIE HOPMBI M IIEHHOCTH, B TOM YHUCIE
B JICATEIILHOCTH YYEHOTO;

OCO3HAHHE JIMYHOTO BKJIA/Ia B IOCTPOCHHUE YCTOWYMBOTO OYAYIIIETO;

4) 3cTeTHYECKOro BOCIIUTAHUSA:
ACTETUYECKOE OTHOIICHHUE K MHpPY, BKJIIOYAs 3CTETUKY HAy4dHOTO TBOPUYECTRA,
npuCymiero Gu3n4ecKoi HayKe;
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5) TpPya0BOro BOCIMTAHMS:

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

TOTOBHOCTH U CLIOCOOHOCTH K 00pa30BaHUIO M CaMO00pa30BaHUIO B 001aCTU GUBUKHU
Ha TIPOTSHKEHUHN BCEH KU3HH,

6) IKO0JIOrM4ecKOro BOCIUTAHMS:

c(hOpMUPOBAHHOCTH FKOJOTHYECKOMN KyIbTYPhI, 0CO3HAHKE II100aJIbHOTO XapaKTepa
HKOJIOTHYECKUX MPOOIIEM;

IUIAHUPOBAHUE W OCYILIECTBJIECHUE JIEMCTBUU B OKPYXKAIOILIEH CpelAe Ha OCHOBE
3HAHUSA LEJIed YCTOWYNBOIO Pa3BUTHUS YEJIOBEUYECTBA;

pacuIMpeHue OMbITa AEATEIbHOCTH JKOJIOTMUYECKONM HANpaBJICHHOCTH HAa OCHOBE
UMEIOLINXCS 3HaHUH 10 (pusHKe;

7) UEHHOCTH HAYYHOI'O ITO3HAHMA:

c(hOpMUPOBAHHOCTH MUPOBO33PEHUS, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO
pa3BUTHS PUZNIECKON HAYKH;

OCO3HAHHE LIEHHOCTH HAayYHOMH JIeSITeNTbHOCTH, TOTOBHOCTH B IPOLIECCE N3YUEHUS (PUUKH
OCYIIECTBJISITh MPOEKTHYIO U UCCIIEIOBATENBCKYIO AEATEIbHOCTh NHAMBUIYAILHO U B TPYIIIIE.

B npoumecce IOOCTHKEHMsSI JMYHOCTHBIX PE3YJIBTATOB OCBOEHHS IPOrPaMMBbI
no (¢u3MKe IS YPOBHS CpEAHEro oOmero oOpa3oBaHHS y OOy4YarOIIUXCs
COBEPIICHCTBYETCSl SMOLIMOHATIBHBIA MHTEJUIEKT, Tpeioaratomuii copMrUpOBaHHOCTb:

CaMOCO3HAHMS, BKJIIOYAIOIIEr0 CIOCOOHOCTh IMOHUMAaTh CBOE 3MOLIMOHAIBHOE
COCTOSIHUE, BUAETh HAIIPABJIECHUS Pa3BUTHSA COOCTBEHHON 3MOLMOHANIBHOU c(epbl, ObITh
YBEPEHHBIM B ce0e;

CaMOpEryJUpOBaHMs, BKIIOYAIOIIETO CAaMOKOHTPOJb, YMEHHE MPUHHUMATh
OTBETCTBEHHOCTH 3a CBOE MOBECHHE, CTIOCOOHOCTh aIallTUPOBATHCS K AMOILMOHATILHBIM
U3MEHEHUSIM U TIPOSIBIISATh THOKOCTh, OBITH OTKPBITHIM HOBOMY;;

BHYTPEHHEl MOTHMBAllM{, BKIIOYAIOIIEH CTPEMJIEHHE K JOCTHXKCHHIO LEIH
U yCrexy, ONTUMU3M, HHHUIMATUBHOCTb, YMEHHE JACHCTBOBATh, HCXOJs U3 CBOMX
BO3MOXKHOCTEH;

AMIIATUH, BKIIOYAIONIEH CHOCOOHOCTh MOHHUMATh AMOIMOHAILHOE COCTOSIHHE
JPYTUX, YYUTHIBATh €0 MPH OCYIIECTBICHUM OOIIEHUS, CIIOCOOHOCTh K COYYBCTBHUIO
U COTIEPEKUBAHUIO;

COLIMATIbHBIX HABBIKOB, BKJIIOYAIONIMX CIOCOOHOCTh BBICTPAaWBATh OTHOILIECHHUS
C IpYTMMH JIFOJbMU, 3a00TUTHCS, POSIBIIATH MHTEPEC U pa3peiiaTb KOH(IUKTHL.

METAIIPEAMETHBIE PE3YJIBTATBI

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

CaMOCTOSITETTLHO (HOPMYITUPOBATh U aKTYaJIHM3UPOBATh MPOOJIEMY, paccMaTpyuBaTh
€€ BCECTOPOHHE;
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OIPEAEIIATh LEU IETEIbHOCTH, 3aaBaTh IApAMETPbl U KPUTEPUU UX JOCTUKECHUS,

BBISIBJISITh 3aKOHOMEPHOCTH W IMPOTHUBOPEYMS] B PACCMATPUBAEMBIX (PU3HUECKUX
ABJICHUSX;

pa3pabarblBaTh IUIAH pEIIEHUA MPOOJEMBbl C YYETOM aHaju3a HMEIOMIMXCA
MaTepHaIbHBIX U HEMATEPUAJIbHBIX PECYPCOB;

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

KOOPAMHUPOBATh M BBIMOJHATH pabOTy B YCIOBHUSX PEATLHOIO, BUPTYAIBHOIO
¥ KOMOMHHUPOBAHHOT'O B3aUMOJICHCTBUS;

pa3BUBaTh KPEATUBHOE MBIIIJICHUE MPU PEILIEHUH KU3HEHHBIX TPOOJIEM.

Bba3oBble ucciaenoBaTe/IbCKue JeHCTBHA:

BJIQJICTh HAYYHOH TEPMHUHOJIOTMCH, KIIOUEBBIMH TIOHATHSAMH M METOAaMH
buznyecKoil HayKu;

BJIaJICTh HAaBBIKAMHM YYE€OHO-MCCIICIOBATEILCKOH M IPOCKTHON JIESITEILHOCTH
B 00yacTH (U3HWKH, CIMOCOOHOCTHIO M TOTOBHOCTBHIO K CaMOCTOSATEIHLHOMY IIOMCKY
METOJIOB PEIICHUS 3a/1a4 (PU3UICCKOTO COACPIKAHMS, TPUMEHEHHUIO Pa3IMYHBIX METOJ0B
MTO3HAHHS;

OCYIIECTBIIATh PA3IUIHBIC BUABI JEATCILHOCTH IO IMOJYICHUIO HOBOT'O 3HAHUSI, €T0
WHTEPIPETAIIIU, TPEOOPA30BAHUIO U TPUMEHEHHUIO B PA3IMYHBIX YU4COHBIX CHUTYyaIHsX,
B TOM YHCJIE TIPH CO3IaHUHN YU4EOHBIX IIPOCKTOB B 00J1aCTH (DU3UKH;

BBISBJIATH MPUYMHHO-CIICICTBEHHBIC CBS3H U aKTyaJU3UPOBATh 3a/1a4y, BBIIBUTATh
THIIOTE3Y €€ PEIICHUS, HaXOUTh apryMEHTHI JIJIS I0KA3aTelIbCTBA CBOMX YTBEP)KICHUM,
3aJ1aBaTh MapamMeTPbl U KPUTEPHUH PEIICHMUS;

AHATM3UPOBATH TIOJYYEHHBIE B XOJI€ PEIICHUS 3a/aud pe3ybTaThl, KPUTHUYECKU
OLICHUBATh UX JJOCTOBEPHOCTH, MPOTHO3UPOBATH U3MEHEHHUE B HOBBIX YCIIOBUSAX;

CTaBUTH U (HOPMYITHPOBATH COOCTBEHHBIC 33/1a4U B 00pa30BaTEIbHOM IeATEIHHOCTH,
B TOM YHCJIE TIPU U3yYCHUU (HU3HKU;

JaBaTh OIICHKY HOBBIM CHUTYAIIMSIM, OIICHHBATh IPHUOOPETCHHBIN OIIBIT;,

yMETh  TIEPEHOCUTh 3HaHUSA 1O (U3MKE B  TPAKTHYECKYI0  00JacTh
KU3HEICATCILHOCTH,

yYMETh HHTCTPUPOBATH 3HAHUS U3 Pa3HBIX MPEAMETHBIX 00J1aCTeH;

BBIIBUTATh HOBBIC HJICH, TIPEJIaraTh OPUTHHAIBLHBIE TIOJIXOIBI M PEIICHUS;

CTaBUTH MIPOOJIEMBI U 33]1a4H, JTOMyCKAIONINE albTePHATUBHBIC PEIICHHUS.

Pabora ¢ undgopmaumeii:

BJIAJIeTh HABBIKAMHM TMOJY4YCHHS HHPOpMauu (HU3MUIECKOTO  COACpNKAHUS
U3 HCTOYHHUKOB PA3HBIX THUIIOB, CAMOCTOATEIHHO OCYILECTBISATHh IIOWUCK, aHaJH3,
CUCTEMATH3allUI0 M WHTepOperanuio HHGOpMAIUM pPa3IuYHbIX BUIAOB U GOpM
MpeCTaBICHNUS;

OIICHUBATh JIOCTOBEPHOCTh UH(POPMAITUH;

UCIIOJIb30BaTh CPEJCTBA MH(POPMAITMOHHBIX U KOMMYHHMKAIIMOHHBIX TEXHOJIOTHUN
B PCIICHMM KOTHUTUBHBIX, KOMMYHUKATHUBHBIX W OpPraHU3alMOHHBIX  3a/a4
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c coOmofeHueM TpeOOBaHUI SPrOHOMUKH, TEXHUKH O€30MaCHOCTH, TUTHEHBI,
pecypcocOepexeHusi, MNPaBOBBIX M OTUYECKUX HOPM, HOPM HH(POPMALIMOHHON
0e30MacHOCTH;

CO3/1aBaTh TEKCThI (PU3UUECKOTO COJEPKAHMS B Pa3IMYHBIX (OpMarax C y4eTom
Ha3HaueHUd HMHPOpMALMUA U LEJIEBOM ayJuTOpUU, BHIOMpPAs ONTUMAIBHYIO (GOpMY
MPEJICTABIICHUS U BU3yaJTU3ALINH.

KoMMmyHHKAaTHMBHBIE YHUBEPCAJIbHbIE yUYeOHbIEe HeiiCTBUS

OoOmenue:
OCYIIECTBIIITH OOIICHUE HAa ypOKaX (PHU3UKH ¥ BO BHEYPOUHOU JEATEITHHOCTH;
pacmno3HaBaTh MPEANOCHUIKH KOH(MIMKTHBIX CUTYAIlUi U CMATYATh KOH(IUKTHI,
Pa3BEPHYTO U JIOTUYHO U3JIaraTh CBOI TOUKY 3PEHUS C UCIIOIb30BAHUEM S3BIKOBBIX

CPEJICTB.

CoBMecTHas ACATECJIBbHOCTD:

ITOHUMATh U UCIOJIb30BaTh IPEUMYILIECTBA KOMAaHHOW U HHAMBUIYaJIbHON paOOThI;

BBIOMPATh TEMATUKY U METOJIbl COBMECTHBIX ACUCTBUI C y4€TOM OOIINX UHTEPECOB,
Y BO3MOKHOCTEH KaXKJ|0r'0 YiIeHa KOJUIEKTUBA,

IIPUHUMATB LIE€JIM COBMECTHOM ACATEIbHOCTH, OPraHU30BbIBATh U KOOPAUHUPOBATH
JEUCTBHUA I10 €€ JOCTUIKEHUIO: COCTABIIATH IUIAH ACHCTBUM, PACIIPEAEIIATh POJIM C Y4ETOM
MHEHUI YYaCTHUKOB, 0OCYXIaTh Pe3yJbTaThl COBMECTHOM PabOTHI;

OLICHMBAaTh KAau€CTBO CBOEr0 BKJAJa U Ka)XJOr0 y4aCTHHMKA KOMaHJbl B OOIIMIA
pEe3yJIbTAT MO pa3padoTaHHBIM KPUTEPHUSIM;

IpemjiaraTb  HOBBIE TNPOEKTBHI, OLIEHWBATh MAEU C IIO3ULUU HOBHU3HBI,
OPUTMHAJIBHOCTH, ITPAKTUYECKON 3HAYMMOCTH;

OCYLIECTBIIATH ITO3UTHUBHOE CTPATErMYECKOE IOBEICHUE B PA3JIMUHBIX CUTYALUAX,
IPOSIBJISITH TBOPUECTBO U BOOOpakeHUE, ObITh MHUIIMATUBHBIM.

PerynsiTuBHBbIC YyHHBEpPCAJIbHbIE Y4eOHbIE 1eHCTBUA
Camoopranmszanus:

CaMOCTOATENIFHO OCYIIECTBISITh [MO3HABATEIbHYIO JAESITEIbHOCTh B  OO0JIACTH
(GU3MKH 1 aCTPOHOMUH, BBISBIISATH MPOOJIEMBI, CTABUTh U (POPMYITUPOBATH COOCTBEHHBIE
3a/1a4u;

CaMOCTOSITEJIbHO COCTABJIATh IUIAH PEIICHMS] pACUETHBIX M Ka4ECTBEHHBIX 3aad,
IUIaH BBIMOJHEHUS MPAaKTUYECKOM pabdoThl € YYETOM HMEIOIIUXCS PECypCoB,
COOCTBEHHBIX BO3MOYKHOCTEH U MPEIOYTEHHUI;

JIaBaTh OLICHKY HOBBIM CUTYAalLUsIM;

pacimpsATh paMKHi Y4€OHOIO MpeIMEeTa Ha OCHOBE JINYHBIX MPEATIOYTEHU;

JienaTh OCO3HAHHBIN BEIOOP, apryMEHTUPOBATH €r0, OpaTh Ha ce0sl OTBETCTBEHHOCTh
3a PEILECHNUE;

OLIEHUBATh IPUOOPETEHHBIN OIIBIT;
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CIocoOCTBOBaTh (POPMUPOBAHUIO U MPOSBICHUIO SPYAMUIIMU B 00JacTU (PU3KKH,
MOCTOSIHHO TOBBIIIATH CBOM 00pa30BaTEIbHBIN U KyJIbTYPHBIH YPOBEHb.

CaMOKOHTpPO/IBb:

JlaBaTh OLICHKY HOBBIM CHUTyallUsIM, BHOCUTH KOPPEKTHUBbI B JEATEIBHOCTD,
OLICHUBATh COOTBETCTBUE PE3YJIbTATOB LIEIISIM;

BJIaJIETh HaBBIKAMH TO3HABATEIHHOW pedIECKCUU KaK OCO3HAHUS COBEPIIAEMbIX
JEUCTBUAM U MBICIIMTEIIBHBIX IPOLIECCOB, UX PE3YIBTATOB U OCHOBAHUI;

UCIIOJIb30BaTh MPUEMBbl pediaeKkcuu sl OLEHKH CHUTYyalllHd, BBIOOpa BEPHOTO
peuenus;

OLICHUBATh PUCKU U CBOEBPEMEHHO IPUHUMATH PEIIECHUS IO NX CHUKEHUIO;

IIPUHUMATh MOTHUBBI U aPTYMEHTBI IPYTHX [PHU aHAJIU3€E PE3YIIBTATOB IS TENBHOCTH.

IlpunsiTue ceds1 U APyrux:
IPUHUMATh ce0sl, MTOHUMAs CBOM HEJIOCTATKU U JJOCTOMHCTBA;
PUHUMATh MOTUBBI U ApIYMEHTHI APYTUX [IPU aHATIN3€ PE3yIbTaTOB JEATEIbHOCTH;
pU3HABATh CBOE MPABO U MPABO JAPYTHUX HA OLIUOKY.

IMPEAMETHBIE PE3YJIbTATBI

B mporiecce usydenus: kypca kypca ¢usuku yriyoseHHoro yposHs B 10 kiacce
OO y4JaromIuiicss HayquTCs:

NOHUMATh POJIb (PU3UKU B SKOHOMMUYECKOH, TEXHOJOIMYECKOH, 3KOJIOrMYecKoil,
COLMAIbHOM M 3THYECKOM cdepax NesTeNbHOCTH YEJIOBEKa, pOjib U MECTO (DU3MKHU
B COBPEMEHHOM  HAydYHOM  KApTMHE  MHpA,  3HAYECHHE  ONMUCATEIBHOM,
CUCTEMaTU3UPYIOIIe, OOBICHUTETbHON M MPOrHOCTUYECKOM (GYHKUMNA (U3HUEecKOn
TEOpUN — MEXAHUKHU, MOJIEKYISIPHOU (PM3UKUA M TEPMOJUHAMHKHU, POJib (DU3MUECKOU
TEOpUHU B (POPMUPOBAHUM MPECTABICHUN O PU3NYECKON KapTUHE MUDA;

pa3nuyaTh YCJIOBHS MPUMEHHUMOCTH MOJAENeH (U3MUeCKUX Teld U MPOLECCOB
(sBNEHUI): UHEPLIMAbHASL CUCTEMa OTCcueTa, a0COJTIOTHO TBEPJIOE TEIO0, MaTepHUaibHas
TOYKA, PAaBHOYCKOPEHHOE JBHKEHHE, CBOOOJHOE TMaJeHue, aOCONIOTHO yrpyras
nedopmartiusi, abCOMOTHO YIPYroe u aOCONIOTHO HEYNPYroe CTOJIKHOBEHHS, MOJEIU
rasza, ®UJIKOCTH U TBEPJOro (KpUCTAIMYECKOI0) TeJla, UJlealbHbIi ra3, TOYeUHbIHN 3aps/,
OJTHOPOJIHOE 3JIEKTPUYECKOE MOJIE;

pa3nuyaTh YCIOBUS (TpaHMIIbI, 00JACTH) MPUMEHHUMOCTH (DU3NYECKUX 3aKOHOB,
NOHUMATh BCEOOLIMH XxapakTep (yHIaMEHTAIbHBIX 3aKOHOB U OrPaHMYEHHOCTH
MCIOJIb30BaHUS YaCTHBIX 3aKOHOB,;

AHAIM3UPOBATH U OOBSCHATH MEXAaHWYECKHE MPOLECChl M SIBICHUS, HCIOIb3YS
OCHOBHBIE TIOJOXEHUS W 3aKOHbl MEXaHUKH (OTHOCHUTEIBHOCTh MEXaHUYECKOIO
NBUKEHUA, (HOpMYJIbl KUHEMAaTHKW PABHOYCKOPEHHOTO JIBHXKEHMS, MpeoOpa3oBaHUs
["anmunes 11 CKOPOCTH U MepeMeENeHus, 3aKOHbl HpI0TOHA, TPUHIMIT OTHOCUTENbHOCTH
['amunesi, 3aKOH  BCEMHMPHOIO  TATOTEHMs, 3aKOHbl  COXPAHEHHS  MMILYJIbCA
U MEXaHHYECKON PHEPrUH, CBsI3b paOOThI CHIIbI C U3MEHEHUEM MEXaHWYECKOW IHEPIrUH,
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YCJIOBHSI PABHOBECHS TBEPAOro Teja), MPH ATOM HCMOJIL30BaTh MaTeMaTHYECKOe
BBIpOKCHUE 3aKOHOB, YKa3bIBaTh YCJIOBUS TPUMEHUMOCTH (U3UUECKUX 3aKOHOB:
npeoOpa3zoBanuii ["anuies, BTOporo u TpeThero 3aKkoHoB Hpl0TOHA, 3aKOHOB COXPaHEHHUS
MMITYJIbCa U MEXaHUYECKOW PHEPTyU, 3aKOHA BCEMUPHOTO TATOTCHUS,

aHAJM3UPOBATh U OOBSACHSTH TEIUIOBBIC ITPOLIECCHI U SIBJICHUS, UCITOJIb3YSl OCHOBHBIC
MOJIOKEHUSI MOJICKYJISIPHO-KUHETUYECKON TEOPUM U 3aKOHBI MOJICKYJISIPHOM (PU3MKHU
U TEepMOAMHAMMKU (CBSI3b JAaBJICHUS MJCAIBHOIO Ta3a CO CPEIHEW KUHETUYECKOU
SHEPIrUeil TEIIOBOI'0 JIBHXKEHUSI M KOHUEHTpALUEe €ro MOJIEKYJ, CBSI3b TeMIepaTypbl
BEIIIECTBA CO CPEIHEH KHHETUUECKON IHEPTUEH TEIJIOBOTO ABUKEHUSI €r0 YacCTHIl, CBSI3b
JABJICHUSI UJICAJIbHOTO T'a3a C KOHIIEHTpaIMeld MOJIEKYI U €ro TEMIIepaTypoi, ypaBHEHHUE
MenpaeneeBa—Knaneipona, nepBblil 3aKOH TEPMOJUHAMUKHU, 3aKOH COXPAHEHUS SHEPTUU
B TEIUIOBBIX MPOIECCAX), PU 3TOM UCIOIb30BATh MATEMAaTUYECKOE BhIPAKEHUE 3aKOHOB,
YKa3bIBaTh YCIOBUS IPUMEHUMOCTH ypaBHeHUA Menaeneesa—Knanelpona;

aQHAJIM3UPOBATh M OOBACHATH DJCKTPUUYECKUE SBJICHHUS, HCIIOIb3ysl OCHOBHBIC
MOJIOKEHUS M 3aKOHBI 3JIEKTPOJUHAMUKH (3aKOH COXPAHEHUsI AJIEKTPUUYECKOro 3apsija,
3akoH KyroHa, TOTEeHIMaIbHOCTh JIEKTPOCTATUYECKOTO MOJIsl, TPUHIIUIT CYNEPIIO3UIIAN
AICKTPUUYECKUX TOJIEH, TIPU ATOM YyKasblBasi YCIOBUSI MPUMEHUMOCTH 3akoHa KyroHa,
a TakKe NPaKTUUYECKHW BaKHbIE COOTHOIIEHHUS: 3aKOHbI OMa 1Jis1 ydacTka Ienu
U IS 3aMKHYTOM 2JIeKTpudecKod 1enu, 3akoH JDxoyms—Jlenia, npasmia Kupxroda,
3akoHbl Dapajes s AIEKTPOIN3a);

OMHUCBHIBATh  (PUBMYECKHE TIPOIECChl M SBIICHHS, HCIOIb3YysSd  BEIMYHHBI:
nepeMenieHrue, CKOpoCTh, YCKOPEHHE, UMITYJIbC TeJla U CUCTEMBI 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 ¢ 3emMiei BOIU3H
€e TOBEPXHOCTH, DHEPrus ynpyrod aedopMaiiyl MPYXKUHBI, KOJIHMYECTBO TEIUIOTHI,
abcojitoTHast TemIieparypa Tejla, paboTta B TEpPMOAMHAMMKE, BHYTPEHHSIS SHEprus
UJIeaJIbHOTO OJIHOATOMHOIO ra3a, paboTa ueaJbHOIo ra3a, OTHOCUTEIbHAS BIAKHOCTD
BO37yXa, KOIPPUIMEHT TMOJIE3HOTO IEHCTBUS WICATHHOTO TETUIOBOTO JIBUTATEIS,;
AJIEKTPUYECKOE TOJIE, HAMPSHKEHHOCTh SJIEKTPUUYECKOTO TMOJIsA, HAMNPSHKEHHOCTh MOJIA
TOYEUHOTO 3apsija WM 3apsHKEHHOrO IIapa B BaKyyMe U B JMRJICKTPUKE, MOTEHIIAAI
AJIEKTPOCTATUYECKOTO MOJIA, PA3HOCTh IMOTEHIMAJIOB, JJICKTPOABIKYIIAs CHJIA, CHIa
TOKa, HaIPSYKEHUE, MOITHOCTh TOKAa, DJIEKTPUUYECKasi EeMKOCTh IJIOCKOTO KOHJEHCATOpa,
COMPOTHUBIICHUE y4yacTKa ILIETMH C MOCJIEI0BATEIbHBIM U MapayieIbHbBIM COCIUHEHUEM
PE3UCTOPOB, SHEPTHUS IIEKTPUUECKOTO MOJISI KOHJIEHCATOPA;

OOBSICHSITh OCOOEHHOCTH TIPOTEKAHMUS (PUBMUECKUX SIBICHUNA: MEXaHUUECKOEe
JBIKCHHUE, TEIJIOBOE JBIKCHUE YaCTHI] BEIIECTBA, TETUIOBOE PaBHOBECHE, OPOYHOBCKOE
nBwxkeHue, auddys3us, uUcnapeHue, KUINEHWE W KOHJCHCAIMs, IUIABJICHUE
W KpUCTAUIM3alMs,  HANpPaBICHHOCTh  TEIUIONEpeNadyu,  JJIEKTpU3alus  Tell,
AKBUMOTEHIIUAIBHOCTD MOBEPXHOCTH 3apsIKEHHOTO TTPOBOIHUKA;
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MIPOBOJIUTH MCCIIEIOBAaHUE 3aBUCUMOCTH OJHON (PU3MUECKON BETUYMHBI OT JPYrou
C HCIOJb30BAHUEM MPSIMBIX H3MEPEHUH, MPU 3TOM KOHCTPYUPOBATH YCTAHOBKY,
(UKCHpOBaTh PE3YNbTAThl MOTYYEHHOW 3aBUCHUMOCTH (PU3NYECKUX BEIMYMH B BHJIE
rpauKoB € Yy4yeTOM aOCOJIIOTHBIX NOTPEIIHOCTE W3MEPEHUM, J1eJaThb BbIBOJIbI
0 pe3yJibTaTaM UCCIEI0BaHuUS;

MPOBOJIUTh KOCBEHHBbIC HM3MEpPEHUSI (PU3MUYECKUX BEJIWYUH, MPU ITOM BLIOMPATH
ONTUMAJIGHBIA METOJ H3MEPEHHS, OIICHHBaTh aOCOJIOTHBIE U OTHOCUTEIbHBIC
MOTPEITHOCTH MIPSIMBIX M KOCBEHHBIX U3MEPEHUM;

IPOBOJUTHh ONBITHI MO TMPOBEPKE NPEMIOKEHHON THUIOTE3bl: IJIAHHUPOBATH
HKCIIEPUMEHT, COOMPAThH SKCIEPUMEHTAIBHYIO YCTAaHOBKY, aHAJIM3UPOBATH MOJYyYEHHBIE
pE3YJIbTATHI U JIENIaTh BBIBOJ O CTaTyCe MPEAI0KEHHON TMIIOTE3b;

co0uro1aTh MpaBuia 6€30MacHOro Tpyaa Ipy MPOBEICHUH UCCIIEIOBAaHHM B paMKax
y4e0HOr0 H3KCIEpPUMEHTa, MPAKTUKyMa U Y4eOHO-HUCCIEAOBATENLCKOW W MPOEKTHON
NEATENbHOCTA C HCIOJB30BAHUEM HW3MEPUTEIBHBIX YCTPOMCTB M JTAOOPATOPHOIrO
000pymOBaHuUs;

peliaTh pacyeTHbIC 33Jaud C SIBHO 3a/IaHHOM M HESBHO 3aJaHHON (PU3MYECKON
MOJIEIbIO: Ha OCHOBAaHUH aHAJIM3a YCJIOBUS 0OOCHOBBIBATH BHIOOP (hH3HUECKON MOJIENH,
OTBEYAKOIEel TPEOOBaHUAM 3aJa4d, MPUMEHATH (POPMYJIbI, 3aKOHBI, 3aKOHOMEPHOCTHU
U TIOCTYJIaThl (PU3UYECKUX TEOPUMl MPU HUCHOJIB30BAHMHM MAaTEMaTHUYECKUX METO/IOB
pelieHusl 3aJad, MPOBOAUTH pPACUETHl HA OCHOBAaHWM HMEIOUIMXCA JIaHHBIX,
aHAJIM3UPOBATH PE3YJILTATHI U KOPPEKTUPOBATH METObI PELICHUS C YUETOM MOJYy4 €HHBIX
pE3yJIbTATOB;

pelaTh KayecTBEHHbIE 3ajauyM, TpeOyrolIue NPUMEHEHUs 3HAaHUM M3 Pa3HBIX
pa3nenoB Kypca (PU3MKH, a TakKe HWHTErpaldyd 3HAaHUW U3 JPYTrUX MNpeaMETOB
€CTECTBEHHO-HAYYHOI'O IIMKJIAa: BBICTPAMBATh JIOTUYECKYIO IE€TIOYKY PacCyKICHUM
C MCMOJIb30BAaHUEM M3YUEHHBIX 3aKOHOB, 3aKOHOMEPHOCTEN U (PU3NYECKUX SIBJICHUI;

UCIOJIb30BaTh TEOPETUYECKHE 3HAHUS MJisi OOBSCHEHUS OCHOBHBIX MPHUHIIUIIOB
pabOThl WM3MEPUTENbHBIX MPUOOPOB, TEXHUYECKUX YCTPOWCTB U TEXHOJOTHYECKHX
IIPOLIECCOB;

MPUBOJIUTH TPUMEPHl BKIAJAa POCCHMCKUX M 3apYyOCKHBIX YUEHBIX-(DHU3UKOB
B Pa3BUTHE HAYKH, B OOBSICHEHUE MIPOLIECCOB OKPYKAIOIIEr0 MUPA, B PA3BUTHE TEXHUKH
1 TEXHOJIOTUH;

AHAIM3UPOBATh W OLEHHUBATh IOCIEACTBHS OBITOBOM M MPOU3BOACTBEHHOM
NEeSATENbHOCTH YEJIOBEKA, CBSI3aHHOM ¢ (U3MYECKMMH TMpoLeccaMy, C MO3ULHN
HKOJIOTUYECKON 0€30I1aCHOCTH, MIPEICTABICHUH O pallMOHAILHOM IPUPOIOIIOIb30BAHUH,
a TAKYK€ PAa3yMHOM HCIIOJIb30BAaHUM JOCTHKEHUN HAYKH U TEXHOJIOTUH IS JadbHENIIErO
pa3BUTHS YEJIOBEYECKOI0 OOIIECTBA;

OPUMEHSTh pazIU4Hble CrmocoObl  paboThl ¢ uHPOpManuenr (GU3NIECKOro
COJIEpP’)KaHUSI C HCIOJIb30BAHUEM COBPEMEHHBIX HWH()OPMAIIMOHHBIX TEXHOJOTHUIA,
Py 3TOM HCIOJb30BaTh COBPEMEHHbIE MH(GOPMAIIMOHHBIE TEXHOJIOTMM IS MOMCKA,
nepepadoTKu M TpenbsABICHUA Yy4eOHOW U HAy4YHO-NONYJSIPHOM HH(pOpMalUH,
CTPYKTYpUPOBAaHUSI U HWHTEpIIpETaliud HWH(POpMalMK, TOIYYeHHOM W3 Pa3IuyHbIX

35
HokymeHT co3aaH B anekTpoHHon chopme. Ne Corn 103 ot 28.04.2026. VcnonHuTens: KOHycosa 3.H. r'.?ﬂEKTPOHHbIﬁ
CtpaHuua 35 u3 97. CtpaHuua cosfaHa: 28.04.2026 17:44 =¥ TATAPCTAH



®enepanbHas pabouas mporpamma | @usnka. 10—11 kmaccsr (yriayOaeHHbINH YPOBEHB)

UCTOYHUKOB, KPUTUYECKU aHAIM3UPOBATH IOJIy4aeMyl0 MH(OPMALIMIO U OLICHUBATh €€
JIOCTOBEPHOCTH KaK Ha OCHOBE NMEIOIINXCS 3HAHUM, TAK ¥ HA OCHOBE aHAJIM3a UICTOYHUKA
uHpopmarmy;

MPOSBIIATh OPraHU3AI[MOHHBIE W TI03HABATEIbHBIE YMEHHS CAMOCTOSTEIBHOTO
NPUOOPETEHHsS] HOBBIX 3HAHUM B IIPOLIECCE BBIMOJIHEHUS MPOEKTHBIX M Yy4eOHO-
UCCIIeI0OBATENbCKUX PadoT;

paboTaTh B rpyImIe ¢ UCMOJHEHUEM Pa3IMYHbIX COLUAIBHBIX pOJIeH, MIIaHUPOBATh
padoTy Tpymmbl, palMOHAIBHO pPACIpeAesATh JEATEIbHOCTh B HECTaHJAPTHBIX
CUTyalUsX, OLEHMBATh BKJAJ KaXJOr0 M3 YYAaCTHUKOB TIpPYIIBI B pELICHUE
paccMaTpuBaeMor IpoOJIEMBl;

OpOSIBIATh ~ MOTHBAaLMI0 K  Oyaymed  1podecCHOHANbHOM — EATENbHOCTH
10 CHEUAIBHOCTIM (PU3UKO-TEXHUYECKOI0 MPOpuUIIs.

B npomnecce usydenuss kypca ¢Gu3Mkd yriayoineHHoro ypoBHs B 11 kiacce
00 y4arouIuiicss Hay4uTCs:

MIOHUMATh poOJIb (U3HKK B SKOHOMUYECKOH, TEXHOJOTMYECKOW, COLUAIbHOU
U 3TUYECKON cepax MesTENIbHOCTH YeJOBEKa, pOJib U MECTO (PU3MKU B COBPEMEHHOMN
HAay4HOW KapTUHE MHUpPA, pOJb ACTPOHOMHM B IPAKTHUYECKOM AECATEIBHOCTH YEJIOBEKA
M JaJbHEHMIIEM  HAyYHO-TEXHUYECKOM  PAa3BUTUH, 3HAYCHUE  ONMUCATEIIbHOM,
CUCTEMaTU3UPYIOINIeH, OOBICHUTETLHON W MPOrHOCTUYECKON (PYHKIUN (PU3NYecKon
TEOPUU — DJIEKTPOAWHAMUKH, CIIECHUAIBHOW TEOPUU OTHOCHUTEIIBHOCTH, KBAaHTOBOM
bu3ukyu, poiab GU3NUECKOW TeOpud B (POPMUPOBAHUU MPEICTABICHUNA O (PU3MYECKOU
KapTUHE MHUpa, MECTO (U3MYECKOM KapTHHBI MHpa B OOILIEM PSAYy COBPEMEHHBIX
€CTECTBEHHO-HAYYHBIX MPEICTABIECHUN O IPUPOJE;

pa3nuyarh YCJIOBUS NPUMEHUMOCTH Mojened (U3MYECKUX Tel MU MPOLEecCOB
(sBIEHMIT): OIHOPOAHOE  DJIEKTPUYECKOE W  OJHOPOJHOE MAarHUTHOE  IOJI,
rapMOHMYECKHE KOIeOaHHsl, MaTeMaTUYeCKUN MAasTHUK, WJCAIbHBIM TNPYKUHHBINA
MasTHUK, TAPMOHUYECKHE BOJHBI, UJCATbHBIA KOJEOATETbHBIN KOHTYp, TOHKAs JINH3A,
MOJIEJIEN aTOMa, aTOMHOIO SiIpa U KBAHTOBOM MOJIEIIN CBETA,

pa3nuyarh ycioBusl (FpaHUIlbl, 00JACTH) MPUMEHUMOCTH (PU3NYECKUX 3aKOHOB,
MOHUMAaTh BCEOOIIMM XapakTep (yHIaMEHTAIbHBIX 3aKOHOB M OTrPaHUYEHHOCTD
WCTIOJIb30BAHUS YACTHBIX 3aKOHOB;

AHATM3UPOBATH U OOBSICHATDH PJICKTPOMATHUTHBIE MPOIECCHI U SIBJICHUS, UCTIONIB3YS
OCHOBHBIC TIOJIO)KEHUSI W 3aKOHBl DJJIEKTPOJAMHAMUKM MW CHEUUAIBHOM TEOPHUH
OTHOCHUTEJIbHOCTU (3aKOH COXpaHEHUs 3JIEKTPUYECKOro 3apsijaa, cuia Amiepa, cuia
JlopeHnia, 3aKOH JJIEKTPOMArHUTHOW WHAYyKIUU, TmpaBwio Jlenma, cBsa3p 3/C
CaMOMHIYKILWH B JIEMEHTE JJIEKTPUUECKON LIEMH CO CKOPOCTHhEO U3MEHEHUS CUJIBI TOKA,
MOCTYJAThI CIIEIUATIBLHOM TEOPHUH OTHOCUTEIILHOCTH DUHINTEHHA);

AHATM3UPOBATh W OOBSACHATH KBAaHTOBBIC TMPOIECCHI W SIBICHUS, WCIIOJIb3Ys
MOJIOKEHUsI KBaHTOBON (u3uku (ypaBHeHHe JiHmTerHa s doTtorddexTa, mepBoiid
¥ BTOpOU mocTynarel bopa, mpuHIIUIT COOTHOIIIEHUS HeompeneaeHHocre [ eizenoepra,
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3aKOHBI COXPaHEHUs 3aps0BOr0 U MACCOBOT'O YHCEN U DHEPTUU B SJECPHBIX PEAKIIUSX,
3aKOH PaJMOaKTUBHOIO pacmnaaa);

OMUCHIBATh  (PUBMYECKHUE TIPOLECChl W SBJICHMS, HUCIOIb3YySd BEIUYUHBI:
HaIpPsSHKEHHOCTh  AJIEKTPUYECKOrO0 TOJIS, IMOTEHUUAN AJIEKTPOCTaTUYECKOro IO,
pPa3HOCTh TOTEHIIUAJIOB, SJEKTPOJABIKYIAs CHUJIa, WHIYKIHMS MAarHUTHOTO TIOJIf,
MarHuTHBIM TOTOK, cwia AwMIepa, HWHIYKTUBHOCTb, JJICKTPOJABHKYILAS CHia
CaMOMHIYKIWH, DHEPryusi MarHUTHOTO TOJII MPOBOAHUKA C TOKOM, PEISTUBHUCTCKUI
UMIYJbC, MOJTHAS YHEPTHs, SHEPTUsl MOKOsS CBOOOJHONW YaCTHUIIbI, SHEPTUS U UMITYJIbC
(hoTOHA, MAaCCOBOE YUCIIO U 3aps SApa, SHEPTUs CBSI3U SA/pa;

OOBSCHATh OCOOCHHOCTH MPOTEKaHWA (U3MUECKHUX SIBICHHUI: AJICKTPOMAarHUTHAs
WHIYKIINS, CAMOUHIYKIIMS, PE30HAHC, UHTePDEPEHIIUS BOJIH, AUDPAKIUs, TUCTIEPCHS,
MOJIHOE BHYTpPEHHEE OTpakeHue, ¢otodnekrpuueckuii apdexr (poroaddexr), anbda-
u OeTa-pacnajsl siaep, TaMMa-u3IydeHue saep, GU3ndecKue MPUHITUITEI CIIEKTPaTbHOTO
aHayn3a 1 paboThI Ja3epa;

OTIpECIIATh HAllPaBJICHUE UHIYKIIMA MAarHUTHOTO IOJIS TPOBOAHUKA C TOKOM, CHJIBI
Awmnepa u cuibl JlopeHna;

CTpPOUTh H300paKeHUe, CO3JaBaeMOe IUIOCKUM 3€pKajioM, TOHKOW JIMH30M,
Y PacCUUTHIBATh €r0 XapaKTePUCTHUKH;

MIPUMEHSATh OCHOBOIOJIATAIOIINE ACTPOHOMUYECKUE TOHSATUS, TEOPUH U 3aKOHBI
JUIsl aHaiu3a M OOBsICHEHUs (U3MUYECKUX IPOIIECCOB, MPOUCXOIAIIMX B 3BE3/aX,
B 3BE3/IHBIX CHCTEMAaX, B MEKTAIAKTUYECKOU Cpe/ie; IBIKEHUSI HEOECHBIX TEJI, 9BOJIOIUN
3Be31 U BeeneHHoii;

IPOBOJIMTH UCCIIEIOBAHUE 3aBUCUMOCTEN (DU3MUECKUX BEIMYMH C UCTIOIh30BAHUEM
NPSMBIX U3MEPEHUM, ITPU ATOM KOHCTPYUPOBATh YCTAaHOBKY, (DUKCUPOBATH PE3yiIbTaThl
MOJIYYEHHON 3aBUCUMOCTH (DU3MYECKUX BEJIMYMH B BHJIE TpPapUKOB C Y4ETOM
aOCONIOTHBIX ~ TOTPEITHOCTEM HM3MEpPEHWM, Jenarh BBIBOJABI IO  pe3yJibTaTaM
UCCIIe/IOBaHNUS;

IPOBOJIUTH KOCBEHHBbIE M3MEpPEeHHs (U3MYECKUX BEJIMYUH, NPU HTOM BBHIOMPATH
ONTUMAJILHBIA METOJ W3MEPEHHS, OIICHHBATh aOCOJIOTHBIE W OTHOCHUTEIIbHBIE
MOTPEIIHOCTH MPSIMBIX U KOCBEHHBIX U3MEPEHHUIA;

IPOBOJMUTH OMNBITHI IO TMPOBEPKE MPEAJTIOKEHHOW THUIOTE3bl: IUIAHUPOBATH
AKCIIEPUMEHT, COOMPATh SKCIIEPUMEHTAILHYIO YCTAaHOBKY, aHAJIM3UPOBATh MOJYICHHBIC
pe3yNbTaThl U ACNIaTh BHIBOJ O CTaTyCe MPEAJIOKEHHOU TUIIOTE3bI;

OMUCBHIBATh METO/IbI MOJYYCHUSI HAYYHBIX aCTPOHOMUYECKUX 3HAHMUIA;

coOroaTh npaBuiia 0€30MacHOro Tpy/ia Ipy MPOBEACHUH HCCIEJOBAaHUI B paMKax
y4e0HOTO HJKCIEpPUMEHTa, MPAKTUKyMa U Y4eOHO-HCCIEAOBATEILCKOW U MPOEKTHOMN
NESTETbHOCTA C HCIIOJNIb30BAaHUEM HW3MEPUTEIHHBIX YCTPOHUCTB U J1TaOOpaTOPHOTO
000pyI0BaHUS;

peliaTh pacyeTHbIC 33Jaud C SIBHO 3aJIaHHOW M HESBHO 3aJaHHON (PU3NYECKOUN
MOJIEJIBbIO: Ha OCHOBAaHWY aHaJIN3a YCIIOBHSI BEIOMPATh (PU3MUECKUE MOJICIN, OTBEYAIOIITHE
TpeOOBaHUSAM 3aJlaud, MIPUMEHATh (HOPMYJIbI, 3aKOHBI, 3aKOHOMEPHOCTH W TOCTYJIAThl
bu3NUeCKX TEOpUH TPU HCIIOJIIb30BAHUM MATEMaTUYECKUX METOJIOB PEIIeHUs 3ajad,
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MPOBOUTH pacueThl HA OCHOBAaHUU MMEIOUIUXCS JaHHBIX, aHATU3UPOBATH PE3yJIbTaThl
U KOPPEKTUPOBATH METO/IbI PEIICHUS C YUETOM TMOJYYEHHBIX PE3yJIbTaTOB,;

pemaTh KayeCTBEHHBIC 3ajlaud, TpeOyrolue NPUMEHEHHsS 3HAaHUW U3 pPa3HBIX
pasnenoB Kypca (U3MKH, a TakKe HWHTErpaldd 3HAHUW U3 JPYTUX MpeaMeTOB
€CTECTBCHHO-HAYYHOI'0 IIMKJAa: BBICTpauBaTh JIOTUUECKYIO I1IETIOYKY PaCCyKICHUI
C UCIOJIb30BAaHUEM U3YUYEHHBIX 3aKOHOB, 3aKOHOMEPHOCTEHN U (DU3NUYECKUX SIBJICHUM;

UCIIOJIb30BaTh TEOPETUYECKUE 3HAHHS NJisi OOBSCHEHHUS OCHOBHBIX MPHUHIUIIOB
paboThl U3MEPUTEIBHBIX MPUOOPOB, TEXHUUECKUX YCTPOMCTB M TEXHOJIOTHYECKHUX
MPOLIECCOB;

IPUBOJIUTH TPUMEPHI BKJAJa POCCUUCKUX W 3apyOeKHBIX y4CHBIX-(PU3UKOB
B Pa3BUTHE HAYKH, B O0BSICHEHNE MTPOIIECCOB OKPYKAIOIIETO MUPA, B PA3BUTHE TEXHUKH
U TEXHOJIOTUM;

aHAIM3UPOBATh W OLIEHUBATh TMOCJIEACTBHUS OBITOBOM M MPOU3BOACTBEHHOM
NESTENbHOCTA YEJIOBEKa, CBS3aHHOM ¢ (U3MYECKUMU TWpoleccaMu, C MO3ULUN
HKOJIOTMYECKOM 0€301MacHOCTH, MPEACTABICHHUHN 0 palliOHAIbHOM ITPUPOI0NI0JIb30BAHUH,
a TAKYKE PAa3yMHOM HCIIOJIb30BAaHUH JOCTHKEHUN HAYKH U TEXHOJIOTUH IS JaJbHENIIETO
Pa3BUTHS YEJIOBEUYECKOTO OOITECTRA,;

MPUMEHATh Pa3IMYHble CHOCOOBI paboThl ¢ HHpOpMaKer (HU3UIECKOro
COJIEpKaHUS C UCIOJIb30BAHUEM COBPEMEHHBIX HH(POPMAIIMOHHBIX TEXHOJIOTUH,
IpU 3TOM HCIOJIb30BaTh COBPEMEHHbIC MH(GOPMAIIMOHHBIE TEXHOJIOTUM IS TOMCKA,
nepepaboTKu M TPEIbsSBICHUS Y4eOHOW U HAy4YHO-TIOMYJISIpPHOM HHQOpMaIuH,
CTPYKTYPUPOBAaHUS M HWHTEpHpeTanuu WHGOpMAIMK, TOJYYCHHOW U3 Pa3IUYHBIX
HMCTOYHUKOB, KPUTHYECKU aHAIM3UPOBATH MOJy4yaeMylo MH(POPMAIIMIO U OLICHUBATh €€
JIOCTOBEPHOCTh KaK Ha OCHOBE UMEIOIINXCS 3HAHUM, TaK ¥ Ha OCHOBE aHAJIN3a UCTOYHHKA
uHdopmalmy;

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

paboTaTh B TPYNIE ¢ UCIIOJHCHUEM PAa3IMYHBIX COMMAIBHBIX POJICH, TIIAHUPOBATh
paboTy TrpyMNmbl, palMOHAIBHO pACHpEACsITh JACATEIBHOCTh B HECTaHJAPTHBIX
CUTyallusiX, OIEHMBATh BKJIaJ KaXJOr0 W3 YYaCTHUKOB TPYIIBI B pEIICHUE
paccMmaTpuBaeMoi mpoOJIeMbl;

OpOSIBIISAT ~ MOTHUBALIMIO K Oyaymed  npodeCCHOHAIBHOW — I€ITENbHOCTH
0 CTIEIMAILHOCTSIM (DPU3UKO-TEXHUYECKOTO MPOQPHIIS.
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10 KUJIACC
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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TPaHULIbI €70 TPUMEHUMOCTH. U3MEPUTENBHBIX TPUOOPOB.
dusnueckas Teopusl. OcBoeHue cnoco00B OLIEHKH
Ponb u Mmecto dusuku B OpMUPOBAHUU | TIOTPEIIHOCTEN N3MEPEHUN.
COBPEMEHHOW HAay4YHOU KapTUHBI MUpa, | OCBOEHHE OCHOBHBIX MPUEMOB PaOOTHI
B MIPAKTUYECKOMN JEATEILHOCTH JroJie | ¢ nudpoBoit 1aboparopueit 1o ¢pusuke,
HarpuMep, PpU U3MEPEHUHU (PU3NIECKUX
BEJIMYMH MPU TOMOIIN KOMIIBIOTEPHBIX
JaTYUKOB
Hroro no pazneny 6
Pa3zngen 2. Mexanuka
2.1 | Kunemartuka 10 MexaHn4uecKoe IBUKEHNUE. [IpoBeneHrne KOCBEHHBIX U3MEPEHUIN
OTHOCUTENBLHOCTh MEXaHUYECKOTO MTHOBEHHOW CKOPOCTH U YCKOPEHUS
nBkeHus. CucreMa oTcyera. T€JIa, B TOM YUCJIE YCKOPEHUS
[Ipsimast u oOpaTHas 3a/1a4yu MEXaHUKUA. | CBOOOJHOTO TAJCHUS, TPOBEICHUE
Paanyc-BekTop MarepuaibHOM TOUKH, MCCIICIOBAHUS 3aBUCUMOCTEN MEXIY
€ro MPOEKIUN HA OCU CUCTEMBI bu3MYECKUMU BeIMYUHAMU (TTyTH
KoopauHar. Tpaekropus. OT BPEMEHMU TIPU PABHOYCKOPEHHOM
[lepemelienne, CKOpOCTh (CpeaHsis JBIDKCHUH, TIEpHOJ1a 0OpaIlleHHS
CKOPOCTh, MTHOBEHHAs1 CKOPOCTb) KOHHYECKOI0 MasTHUKA OT €ro
1 YCKOPEHUE MAaTepUAIbHOW TOUKH, X | TAPAMETPOB) U OMBITOB IO MPOBEPKE
MPOEKIIMU HA OCU CUCTEMBI KOOPAUHAT. | NPEIJIOKEHHON THIIOTE3BI
CroxxeHue nepeMeIeHu ¥ CI0KEHUE | TIPU U3YYEHUU PAaBHOYCKOPEHHOIO
CKOPOCTEM. NPSMOJIMHEHHOTO JIBHXKCHUS, IBUXKCHUS
PaBHOMEpPHOE U PAaBHOYCKOPEHHOE Tena, OPOIIEHHOT O TOPU30HTAIILHO,
MPSMOJIMHENHOE JIBUKEHHUE. JIBUKEHHUS TEJIa 110 OKPYKHOCTHU
3aBUCUMOCTh KOOPJMHAT, CKOPOCTH, C IIOCTOSTHHOM 110 MOZYJIKO CKOPOCTBIO.
YCKOpPEHHMS U IIyTH MaTepralibHON Touku | Onpesesnienne adCOMOTHBIX
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OT BPEMEHU U UX IpapuKH. Y OTHOCUTEJBHBIX MOTPEIIHOCTEN
CBoOoniHOE majieHue. Y CKopeHue u3MepeHn PU3NIECKUX BEIUYHH.
cBOOOHOTO najieHus. JBkenue Tena, | OleHka rpaHull MOrpelHOCTeN.
OpOILIEHHOTO MO/ YTJIOM K TOPU30HTY. M3ydeHue MoJIeau CUCTEMBI OTCUETA,
3aBUCHUMOCTbh KOOPJAWHAT, CKOPOCTH CpaBHEHUE IIyTEU, TPACKTOPUH,
Y YCKOpPEHUs MaTepuaIbHOU TOUKU CKOpOCTEH ABUKEHUSI OJTHOTO U TOTO K€
OT BPEMEHU U UX rpaduKH. TeJa B Pa3HBIX CUCTEMAX OTCUETA.
KpuBonuneitnoe npuxenue. [IBuxxenue | AHamu3 pa3HbIX ClIOCOOOB
MAaTE€pUAIbLHON TOYKH 10 OKPYKHOCTH. | UCCIECAOBAHUS ABUKECHUMN.
YrnoBas u nuHEWHas cKopocTsh. [lepuon | PaccmoTpenue npenenbHoro nepexoaa
¥ 4acToTa o0paleHusl. Y U3MEpPEHNE MTHOBEHHOW CKOPOCTH.
enTpocTpemurensHoe (HopManbHOE), | MoaenupoBaHue mpeoOpa3oBaHus
KacaTeJIbHOE (TaHT'€HIIMATIbHOE) JBIKEHUI C UCIIOJIb30BAHUEM
Y NIOJIHOE YCKOPEHUE MaTEpUAIbHON MEXaHU3MOB, U3YUYCHHE
TOYKH. npeoOpa30BaHusl YIIIOBOM CKOPOCTH
TexHu4yeckrue yCcTpomncTBa B PEAYKTOPE.
Y TEXHOJIOTMYECKUE MTPOLIECCHI: AHanu3 HarpaBJIeHUs] CKOPOCTH
CIUIOMETP, ABMKEHUE CHAPSAIOB, IIPU IBH>KEHHUH 110 OKPY>KHOCTH.
LEIHbIE, NIECTEPEHYAThIE U peMEHHbIE | PellleHne pacueTHbIX 3a7a4 C SIBHO
nepesayu, CKOpOCTHbIE TU(THI 3aIaHHOM U HESBHO 3a/IaHHOU
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-TexHosnoruu

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

JIOCTOBEPHOCTH
2.2 | lunamuka 10 IlepBb1it 3ak0oH HproTOHA. [IpoBeneHrne KOCBEHHBIX U3MEPEHUIN
I/IHepHI/IaJIBHBIe CHCTCMBI OTCUCTA. paBHOHCﬁCTBYIOHleﬁ CHJI
ITpuanun otHOCUTENBHOCTH | anniies. U K03 (HULIMEHTa TPEHUS CKOJIbKEHHUS,
HGI/IHepHI/IaJ'H)HBIe CHUCTCEMBI OTCUCTA IMPOBCACHNC UCCIICIOBAHUA
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(ompenenenue, IpUMEPHI).

Macca Tena. Cuna. [IpuHnun
CYMEPIO3UIUU CHIL

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 TIOBEPXHOCTHIO IIAHETHI 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 ynpyrocTH, 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 KO(PHHUIIMEHTOM 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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TexHnueckne ycTpoucTaa U CKOJIbKEHUS.

Y TEXHOJIOTUYECKUE IPOLIECCHI: Pemenue pacueTHsIX 3a1a4 € ABHO
MOAIINIIHUAKY, IBUKECHHE 3aJTaHHOW U HESIBHO 33JIaHHOU
HCKYCCTBEHHBIX CIIyTHUKOB duznyecKkoi MOIEIbIO

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,
MPUHIAN OTHOCUTEILHOCTH

["anuiies, 3aKOH BCEMUPHOTO
TATOTCHHUS.

Pabota B rpymnmax npu o0Cyk1eHuN
BOITPOCOB MEXITPEAMETHOIO XapakTepa
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(Hanpumep, 1o TeMe «JIBuxeHue
B [IPUPOJIE»)
2.3 | Craruka TBEpAOrO AGCOIIIOTHO TBEPAOE TETIO. [IpoBeneHune nccneqoBaHus yCIOBUAN
Tena [TocTynarenbHOE M BpalaTenbHOE PaBHOBECHS TBEPJIOIO TEJIA, UMEIOLIETO
JIBHKEHUE TBEPAOTO Tesna. MOMEHT OChb BpallleHUsT; KOHCTPYHUPOBAHUE
CUJIbI OTHOCUTEJILHO OCH BpPAILICHUS. KPOHILITENHOB U pacyeT CUJl yIIPYroCTH;
[Inedo cuibl. Craoxenue cui, M3y4YEHHE YCTOMYMBOCTH TBEPIOIO TENA,
IIPUJIOKEHHBIX K TBEPAOMY TEIy. MMEIOLIErO IUIOMIAIb OIOPBI.
LlenTp TsxK€ECTH TENA. Pemenune pacueTHsIX 3a/1a4 ¢ ABHO
VY cnoBusi paBHOBECHS TBEPAOIO TEIA. 3aIaHHOM W HESBHO 3a/IaHHOM
YcroiunBoe, HEYCTOMYHUBOE, bU3UYECKON MOJIEIBIO
0e3pazIMYHOe paBHOBECHE. C UCIIOJIb30BAHMEM OCHOBHBIX 3aKOHOB
TexHuueckue ycTponcraa U GOpMYJ CTaTUKU.
Y TEXHOJIOTMYECKHE MPOLIECCHI: Pemienne kauecTBEHHBIX 3a/1a4,
KPOHIITENH, CTPOUTENIBHBIN KpaH, TpeOYIOLMX MPUMEHEHHS 3HAHUI
peneTyaTbie KOHCTPYKLIAH IO CTaTHKE.
OOBbsicHEHHE YCTPOHCTBA
Y IPUHIIUIIOB JEUCTBUS KPOHIITENHA,
CTPOUTEJIBHOTO KpaHa, PeIIeTYaThIX
KOHCTPYKLIHM.
Omnpeznenenue ycIOBU TPUMEHUMOCTH
Mozenel GUu3nuecKux Tei: abCOoIOTHO
TBEPAOE TEIO.
Brinonnenne yueOHbIX 3a1aHUIM
Ha aHaJIM3 MEXAaHUYECKUX IIPOLIECCOB
(sIBJIEHUI) C UCTIOJIB30BaHUEM
OCHOBHBIX IIOJIOKEHUH U 3aKOHOB
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CTAaTUKU: YCJIOBUA PaABHOBECHUS TBEPAOIO
TCJIa

2.4 | 3aKOHBI COXpAHEHUS 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

46

[okymeHT co3aaH B anekTpoHHow copme. Ne Corn 103 ot 28.04.2026. VicnonHutens: FOHycoBa 3.H.
CtpaHuua 46 n3 97. CtpaHuua cosgaHa: 28.04.2026 17:44

B I/IEKTPOHHbBINA
=® TATAPCTAH



®enepanbHast pabouas nmporpamma | Gusuka. 10—11 kmaccsr (yriayOieHHBIH YpOBEHD)

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.

Hcnonp3oBanue IT-TexHosnoruu
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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 15 OCHOBHBIE TTOJIOKEHHUSI MOJIEKYJIIPHO- [IpoBeneHne U3MEepeHUi MapamMmeTpoB
MOJIEKYJISIPHO- kuHeTndeckor Teopun (MKT), ux rasa, IIpOBEIACHUE UCCIIEAOBAHUN
KHHETHYECKOU omnbITHOE 0OocHOBaHue. Judpdysus. 3aBUCUMOCTEN (PU3MUECKUX BEIUYUH
TEOPUU bpoyHoBCKkOe BHxkeHUE. XapakTep Y OIIBITOB IO MPOBEPKE MPEIIOKEHHOU

JBUKEHUS U B3aUMOJICHCTBUS YaCTHIL
BellecTBa. Mozenu 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.

Mogenps naeanbHOro rasa

B MOJICKYJISIPHO-KMHETUYECKOU TEOPUHU:
YacCTHUILIbI T'a3a JBHKYTCA XaOTUUECKH

Y HE B3aUMOJICUCTBYIOT APYT C APYTOM.
['a30BbI€ 3aKOHBI. Y paBHEHUE
MenneneeBa—Knaneipona. AGcomoTHas

TUIIOTE3bl IPU U3YYEHUU YCTAHOBIICHUS
TEIJIOBOTO PABHOBECHS U U30MPOLECCOB
B razax.

Omnpenenenre abCOMOTHBIX

Y OTHOCUTEJIbHBIX MOTPEIIHOCTEMN
U3MEepeHU (HU3NYECKUX BEIIMUUH.
OueHka rpaHyl] HOTPEMIHOCTEM.
DKCIepUMEHTAIbHAs ITPOBEPKA
YPaBHEHUSI COCTOSIHUSI MIEATbHOTO Ta3a.
N3yuenue monenen: JBUKEHNS YaCTHII
BEIECTBA, OPOYHOBCKOT'O IBUKEHUS.
onbita lllTepHa, KpUCTATITMYECKUX
PEIIETOK.

Pemenue pacueTHbIX 3a1a4 C SIBHO
3aJJaHHOM U HESIBHO 3aJIaHHOMU
(bU3UIECKON MOJEIBIO

C HCIMOJIb30BAaHUEM 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

TUISL TEPMOIMHAMUYECKON CHCTEMBI.
BHenrnue v BHyTpeHHUE TapaMeTphI.
[TapameTpsl TEpMOAMHAMUAYECKOU
CUCTEMBI KaK CpEHUE 3HAUECHUS
BEJIMYMH, ONUCHIBAIOIINX €€ COCTOSIHUE
Ha MUKPOCKOITUYECKOM YPOBHE.
HyneBoe Hayano TepMOIUHAMUKH.
Camonpoun3BoIbHAs PETaKCaLNs
TEPMOJIMHAMHYECKOU CUCTEMBI

K TETUIOBOMY PaBHOBECHIO.

Moneins uaealbLHOro ra3a

B TEPMOJMHAMHUKE — CHCTEMA
YPaBHEHUU: ypaBHEHUE
Menneneea—Kaneitpona

Y BBIPAKECHUE JJIsI BHYTPEHHEN SHEPIUH.
VY cnoBusi NPUMEHUMOCTH 3TON MOJEINH:
HU3Kas KOHUEHTpAIWs YaCTHL], BBICOKUE
TeMIeparypsl. BeipaxkeHne

IUIsl BHYTPEHHEN DHEPTUHU
OJTHOATOMHOTI'O WJI€AJIBHOTO rasa.
KBa3ucratnyeckrue U HECTaTUUECKUE
ITPOLIECCHI.

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,III/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»
1 DJIEKTPOIHEPTUH.

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-TrexHonoruit

pu paboTe ¢ AOMOJHUTEILHBIMU
HMCTOYHUKAMHU WH(POPMAIINH TI0 TEME,
X KPUTHYECKUM aHAIU3 U OIICHKA
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AOcommoTHas TeMIeparypa. JIOCTOBEPHOCTH.

BTopoii 3ak0H TepMOIMHAMUKHI AHanmu3 B oIcHKA ITOCICACTBUI

JUTSl HEPAaBHOBECHBIX IIPOIIECCOB: WCIIOJIb30BAaHUS TEIUIOBBIX JIBUTATEIICH
HEBO3MOJKHO IE€PEIaTh TEILUIOTY 1 TETIJIOBOT'O 3arpsA3HEHUS OKPYKAIOIICH
oT 00JIee XOJIOMHOI0 Tela K 0oJjee Cpebl C TTO3UINH HKOJIOTHYECKOM
HarpeToMy 0e3 KOMIIeHCAIluu 0€30MacHOCTH; MPEICTABICHUI
(Knaysuyc). HeobpatumocTsb 0 pallMOHAJILHOM MPUPOIOIIOIB30BaHUN
MPUPOHBIX MPOIECCOB. (B mpoliecce moAroTOBKHM COOOIIEHHUH,
[TpuHIUTIBI 1EWCTBHSI TETUIOBBIX MAIIIMH. | BEIOJHEHUH TPYIIIOBBIX TPOESKTOB)
KIII.

MakcuMmanbHoe 3HaueHue KII/I.

[uxn Kapno.

DKOJIOrMYECKHE aCTIEKTHI
HCIOJIb30BAHUS TEIJIOBBIX JIBUTATEIICH.
TennoBoe 3arpsi3HEHUE OKPYKaAOLIEN
CpELBbI.

TexHuyeckue ycTponucTBa

Y TEXHOJIOTUYECKUE TTPOLIECCHI:
XOJIOAWJIbHUK, KOHIULIHOHED,
JIM3EIIbHBIA M KapOIopaTOpHbBIN
JBUTATEIN, TTapoBasi TypOuHa,
MOJy4YECHUE CBEPXHU3KUX TEMIIEPaTyp,
YTUJIA3ALHS «TEIJIOBBIX» OTXO/I0B

C UCITOJIb30BAHUEM TEILJIOBOTO HACOCA,
YTUJIM3AIKsS OMOOPTaHUYECKOT O
TOTUIMBA JIJIsl BRIPAOOTKHU «TETLIOBOI
Y DJIEKTPOIHEPTUU
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3.3 | ArperaTtHbie 14 [TapooOpa3zoBaHue U KOHACHCAIHS. HabmtoieHre CBOMCTB HACHIIIIEHHBIX
COCTOSIHMSI BEILIECTBA. Hcnapenue u kuneHue. Y qenbHas MapoB, MaJbIX AehopMallnid,
@da3oBbI€ MEPEXOIbl TEIJI0Ta MapooOpa3oBaHUS. MIPOBEICHUE KOCBEHHBIX U3MEPEHUI

HaCBIHIGHHI)Ie N HCHACBIINICHHBIC IIAP5bI. y,[[GJ'IbHOfI TCIIJIOTHI IIJIaBJICHU JIbJ4,
KauecTBeHHas 3aBUCUMOCTD IIJIOTHOCTH a0COJIFOTHOM BJIQYKHOCTH BO3yXa,

Y JJaBJICHUS HACBILLIEHHOTO Tapa ko3 puLieHTa MOBEPXHOCTHOT O

OT TeMIIepaTyphbl, UX HE3aBUCUMOCTb HaTsDKeHus, Moayis fOHra.

OT 00BbEMa HACBIILIEHHOTO Mapa. N3ydeHune 3aKkOHOMEPHOCTEN NCITapEHUS
3aBUCUMOCTb TEMIIEPATYPbI KUIICHUS Y KUIEHUS )KUJIKOCTEN, B TOM YHUCIIE
OT JABJICHUS B KUIKOCTH. KHUIIEHUS TIPU IIOHWKEHHOM JIaBJICHUH,
Brnaxxnocts Bo3nyxa. AGcomoTHAS HarpeBaHus U IUIABJICHUS

Y OTHOCUTENbHAS BIAKHOCTb. KPUCTAJUIMYECKOTO BEIIECTBA,
Teepnoe teno. Kpucramnmmueckue KaIWUBIPHBIX SBJICHUI, CMaYUBaHUS.
U amopdHbIe Tesa. AHU30TPOIHUS IIpoBenieHNE ONBITOB C MBUIBHBIMU
CBOMCTB KpUCTAJUIOB. [[1aBnenue TUICHKAMU.

Y KpucTaym3anus. Y nenpHas temora | Mccnenoanue Mozaenu

rasnenus. Cyomumanus. HEHBIOTOHOBCKOM KUAKOCTH.
Hedopmaiuu TBEpIOro Tena. Perenue pacueTHbIX 337124 C SIBHO

Pactsxenue u cxxatue. Casur. Monynb | 3aJJaHHOW M HESIBHO 3aJJaHHOM

IOnra. Ilpenen ynpyrux nedpopmarui. bU3UYECKON MOJIENBIO

TennoBoe paclInpeHue KUIKOCTEN C MCIOJIb30BaHMEM OCHOBHBIX 3aKOHOB
Y TBEPJbIX TeJ, 00bEMHOE U JIMHEHHOE 1 (HOPMYIT MOJICKYIISIPHON (DPH3UKA
pacmupeHre. AHTApMOHU3M TEIUIOBBIX | U TEPMOJUHAMHUKH.

KoJIeOaHUI YaCTHI] BEIIECTBA KaK Pemenne xauecTBEHHBIX 3aa4,
MIPUYHHA TETJIOBOTO PACIITUPEHUS TEJ TPEOYIOIMIMX MPUMEHEHHUS 3HAHUM
(Ha KaYECTBEHHOM YPOBHE). 110 MOJICKYJIAPHOUN (U3HKe
[IpeobpazoBanue sHEprun B (Pa3oBBIX Y TEPMOJIMHAMHUKE.
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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»)

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

Hroro no pazneny 49
Paznen 4. diekTpoauHaMuKka
4.1 | Dnektpuueckoe noie 24 DJIeKTpU3alUs TEN U €€ MPOSBICHHUS. [IpoBeneHre KOCBEHHBIX U3BMEPEHUN U

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
MMOTEHIUAJIOB U HAIPSYKEHHUE.
[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

bu3UYECKON MOJIENBIO

C UCIIOJIb30BAHUEM OCHOBHBIX 3aKOHOB
U (HOpMYIT DIIEKTPOCTATUKH.

Perrenne kauecTBEHHBIX 3a/1a4,
TpeOYIONUX MPUMEHECHHS 3HAHUN

TI0 DJIEKTPOCTATHUKE.

OObsicHEHHE YCTPONCTBA

U IPUHIMIA AEUCTBUS 3JIEKTPOCKOIA,
3JIEKTPOMETPA, KOHIAEHCATOPOB,
rereparopa Ban ne ['paada.
OOBbsicHeHnue padboThI
3JIEKTPOCTATUYECKOM 3aIUTHI,
3a3eMJICHUS AJIEKTPONPUOOPOB.
OmnpeneneHue ycioBU NPUMEHUMOCTH
Mozene GU3NISCKUX Te: TOUCUHBIN
3apsiji, ONHOPOAHOE JIEKTPHUUECKOE
ToJe.

BrlinonHnenue yueOHbIX 3a1aHUM

Ha aHAJIN3 JIEKTPUUYECKUX MPOLECCOB
(sSIBJIEHUI) C UCIIOJIB30BaHUEM
OCHOBHBIX MOJOKEHUI 1 3aKOHOB
ANIEKTPOJUHAMUKU: 3aKOH COXPAaHEHUs
AIEKTPUIECKOro 3apsa, 3akoH KymnoHa,
MOTEHIIUAITBHOCTD
AJEKTPOCTATUUECKOTO TOJIsI, TPUHITUTT

Ban ne ['paada CYNEPIO3ULIUN IJIEKTPUUECKUX TOJIEH.
Hcnonbi3oBanue I'T-TrexHonorum
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pu padoTe ¢ AOMOIHUTEIbHBIMU
HUCTOYHUKAMHU MH(POPMAIIMH TI0 TEME,
X KPUTUYECKUM aHAIU3 U OIICHKA
JIOCTOBEPHOCTH

4.2 | IloctosaHHBIN
AJIEKTPUYECKUN TOK

24

Cwuna toka. [1oCTOSHHBIN TOK.
VYcnoBus cyniecTBOBaHUs MOCTOSTHHOTO

QJICKTPUYICCKOI'O TOKaA. HcTouHuku TOKA.

Hanpspxenune 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,
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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-tiepexoa. [lonynpoBoIHUKOBEIE
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:
ra3opa3psJIHbI€ JaMIIbl, SJIEKTPOHHO-
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-JIY4€BOM TPYOKH,
IOJTYIIPOBOJHUKOBBIX MPUOOPOB: TM0/1a,
TpaH3uCTOpa, (OTOANOA, CBETOINO/A.
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OOBbsICHEHHE CYTH IIPOLIECCOB:

raJibBaHUKU, papUHUPOBAHUS MEH,
BBIIIJIABKY QJIFOMUHMUS, SJIEKTPOHHOU

MHUKPOCKOITNHI

Hroro no pazneny

54

Pasznen S. ®uznyecKnil NPaKTUKYM

5.1 | ®usuueckuii 16 Cnoco6s1 n3MepeHust GU3nIECKuX [IpoBeneHrne KOCBEHHBIX U3MEPEHHUIA,
MPAKTUKYM BEJIMYMH C UCTIONIb30BAHUEM UCCIIEIOBAaHUN 3aBUCUMOCTEN

AHAJIOTOBBIX M MU(POBBIX (bu3HYEeCKNX BETUYNH, TIPOBEPKA
M3MEPUTENBHBIX MPHUOOPOB MPEJIOKEHHBIX TUIIOTE3
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 pazneny 16

PesepBHOE Bpems 10

OBHIEE KOJIMYECTBO 170

YACOB 110 I[TPOTPAMME
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11 KVIACC
HaumeHnoBanue
Ne KonmaecTBo OCHOBHBIE BUJIBI JICITEIbHOCTH
pa3nesoB U TEM [IporpammHoOe conepxaHue
n/m 4acoB oOy4aromuxcs
y4eOHOI0 IIpeIMeTa
Paznen 1. DaekrponuHaMuka
1.1 MaruauTHoOe nosne 14 B3anmopericTBre nOoCTOSTHHBIX IIpoBeneHre KOCBEHHBIX U3MEPEHUI
MarHuTOB U MPOBOJHUKOB C TOKOM. cuibl AMrniepa, IpOBeICHUE
MarunutHoe nosie. BeKTop MarHuTHOM VCCIIEIOBAHUS 3aBUCUMOCTEN MEKIY
uHaykuu. [I[pyuHiun cynepno3unuu (bU3UYECKUMU BEIMUUHAMU U OTBITOB
MArHUTHBIX TIOJIEW. JIMHUKM MarHUTHOW | IO MPOBEPKE MPEAJIOKEHHON TUIIOTE3bI
WH]TYKIIAH. MIPY U3YYECHUHU JIEUCTBUS MOCTOSHHOTO
MarauTHoOE 1oJje MPOBOJHUKA C TOKOM | MAarHUTAa HA paMKy C TOKOM,
(TIpsIMOTO TIPOBOTHUKA, KATYIIKU B3aMMOJICMCTBUS MPOBOTHUKA
1 KpyroBoro Butka). OneIT Dpcrena. C MarHUTHBIM II0JIEM.
Cuna AMmnepa, €€ HalpaBJICHUE Omnpenenenne abCOMIOTHBIX
Y MOZYJb. Y OTHOCHUTEJIBHBIX MTOTPEIIHOCTEH
Cuna JlopeHiia, ee HanpaBJeHUE MU3MepeHn (PU3NIECKUX BEIUYHH.
Y MOAyJIb. [[BH>KeHUE 3apsyKeHHOU OneHka rpaHui] NOrpelHOCTEMH.
YaCTUIIbI B OAHOPOJTHOM MAarHUTHOM HccnenoBanne MariuTHOTO ITOJIS
nosie. Pabora cunel Jlopenia. ITIOCTOSIHHBIX MarHUTOB, CBOMCTB
MarauTHoe moJje B BEIISCTBE. (heppOMarHeTUKOB.
deppoMarHeTUKy, napa- Onpenenenne yCIoBUM NIPUMEHUMOCTH
U JHUaMarHeTUKH. MO/JIENT OJHOPOTHOTO MArHUTHOTO
TexHnueckne ycTpoucTBa u I1OJIA.
TEXHOJIOTMYECKUE MPOLIECCHI: OrnpeneneHune HanpaBIEHUs] UHIYKIAN
MIPUMEHEHUE TTOCTOSIHHBIX MAarHUTOB, MarHuTHOTO MOJISI TPOBOJAHUKA 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
ToKka. SBnenue camounaykuu. IC
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»)

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

Hroro no pazneny 27

Pa3znen 2. Kosredoanus 1 BOJTHBI

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

(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.

Hcnonb3zoBanue IT-rexHonoruu

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

2.2 DJIEKTPOMAarHuTHbIE 15

KoJIcOaHUs

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
1 TIpeIoMIICHUsI, THTEphEPEHIIUN
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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-neusn,

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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npenoMiteHus. [1ocTOSHCTBO 4acTOTHI OTPAXKEHHUSI, U3YYEHUE MOJECITU

CBETA U COOTHOILECHUE JJIUH BOJIH CBETOBOA.

IIPHU IIEPEXO0E MOHOXPOMATHUUECKOT O [TomyueHnue n3o00pakeHusl B CUCTEME
CBETa yepes3 rpaHully paszena AByX 13 IUIOCKOI'0 3€pKaJia U JIMH3BI,
ONTUYECKHUX CPEN. B CUCTEME U3 JIBYX JIMH3.

Xop nyyen B npusme. ucnepcus ceeta. | KOoHCTpynpOoBaHUE TENECKOITUYECKUX
CrnoxHblii coctaB 6enoro cera. LlBer. | cucrtem.

IlonHOE BHYTpEHHEE OTPaXKECHHUE. N3ydeHune noaspu3anum cBerTa,
IIpenenbHpI yroma nojaHoro OTPaXXEHHOI'0 OT [IOBEPXHOCTH
BHYTPEHHET' O OTPAXKEHMUS. IUDJIEKTPUKA, U3YyYCHUE

Cobuparonirie v pacceuBaroIIue JIMH3bL. | UHTEP(EPEHIINN JTa3€PHOTO U3TYUCHHUS
Tonkas nuH3a. POKYCHOE pACCTOSTHUE Ha JIBYX IIEIAX.

Y OIITHUYECKAs CUJIa TOHKOM JIMH3BI. [Tonyuenue ciekTpa U3IIy4eHHUs!

3aBUCUMOCTb (POKYCHOT'O paCCTOSIHUS CBETOJMO/IA ITPU MTOMOIIHU

TOHKOM C(pepruuecKoi JIMH3HI OT ee TU(GPaKIIMOHHON PEIIETKY.

F€OMETPUH U OTHOCUTEIILHOT O Pemenune pacueTHbIxX 3a71a4 € SIBHO

[OKa3aresist MPeJIOMIICHHUS. 3aJaHHOM M HESIBHO 3aJaHHOM

dopMysa TOHKON JTUH3bL. Y BEJIMUeHHE, | PU3NUECKON MOMEIbIO

JaBa€MOE JIMH30. C UCITOJIb30BAHUEM OCHOBHBIX 3aKOHOB

Xop nyva, IpOWEqUIErO JUH3Y u hopmy 1o Teme «OnTUuKay.

IO/l IIPOU3BOJIBHBIM YIJIOM K €€ IJIaBHOM | Pemenne kauecTBEHHBIX 33124,

ontu4eckon ocu. Iloctpoenne TpeOYIOIUX MPUMEHEHHS 3HAHUI

M300paKEHUU TOUKHU U OTpe3Ka NpAMOr | 1o Teme «ONTHKa.

B COOMPAIOIIUX U PACCEUBAOIINX [TocTpoenue u pacuer u300paKEHUM,

JIMH3aX U UX CUCTEMAX. CO3/1aBaE€MbIX INIOCKUM 3€pPKaJIOM,

OnTuyeckue npubopsl. Paspermatonias | TOHKOM JIMH30M.

crocobHocTh. ['11a3 kak onTu4eckas Ornpenenenue ycloBHIl 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

Paznen 3. OcHOBBI clIeNMAJIBbHON TEOPUH OTHOCUTEIBHOCTH (1ajiee - CTO)

3.1 OcHOBBI
CIIELIMATIbHOM TEOPUHU
OTHOCUTEJILHOCTH

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

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,

Hroro no pazneny 5
Paznen 4. KantoBas pusuka
4.1 KopnyckynsipHo- 15 PaBHOBECHOE TEIJIOBOE U3ITYYEHUE IIpoBeneHrEe KOCBEHHBIX U3MEPEHU,

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

72

[okymeHT co3aaH B anekTpoHHow copme. Ne Corn 103 ot 28.04.2026. VicnonHutens: FOHycoBa 3.H.
CtpaHuua 72 n3 97. CtpaHuua cosgaHa: 28.04.2026 17:44

B I/IEKTPOHHbBINA
=® TATAPCTAH



®enepanbHast pabouas nmporpamma | Gusuka. 10—11 kmaccsr (yriayOieHHBIH YpOBEHD)

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 ITyanu3M.

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 Onpenenenne JIMHBI BOJHBI Ja3€PHOTO
aroMma. [limanerapHas Mmozens aroma U3JIyYEHUS.
Pesepdopna. HabmroieHre TMHENYaThIX CIIEKTPOB.
73
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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

43 ®u3nKa aTOMHOTO Hyxnonnas monens siapa I'eitzenoepra— | [IpoBeaenue namepeHuit

aapa u NBanenko. 3apsan aapa. MaccoBoe PaanoaKTUBHOTO (hoHA

AJIEMEHTAPHBIX yucio sapa. M30torsl. C MCIIOJIb30BAHUEM JI03UMETPA

YaCTHI] PannoaktuBHOCT. Anbha-pacman. Y UCCJIEIOBAHUE TPEKOB YACTUIL
DNEeKTPOHHBIN U TTO3UTPOHHBIN OeTa- (o ToTOBBIM (poTOTrpadusim).
pacnan. ['amma-usnydeHue. N3ydenue normnomieHus 6era-4yacTuil
3aKOH paJIMOAKTUBHOIO pacnaja. AIFOMUHUEM.
PaanoakTuBHBIE N30TONBI B IPUPOIE. Onpenenenue ycloBHil TPUMEHUMOCTH
CBoOIICTBa MOHU3UPYIOIIETO U3IYYEHHUS. | MOJIETM ATOMHOTO S]Ipa.
BnusiHne paanoakTMBHOCTH Ha KUBbIE | AHQJIN3 U ONKMCAHUE SIACPHBIX peaKIui
opranusmbl. EctrecTBeHHbIN (POH C UCIIOJIb30BAHUEM MOHSATHI MACCOBOE
n3nydenus. Jlozumerpus. YHUCIIO U 3apsij ipa, SHEPrus CBA3U
DHeprus CBSI3U HYKJIOHOB B SIJIpE. S/1pa, 3aKOHOB COXPAHEHHUS 3apsa,
SAnepusie cuiel. JledexT macchl spa. MAacCOBOI'0 YHCJIA U DHEPTUHU B SIAECPHBIX
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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-riirooHHass MOZJENb
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
aCTPOHOMUHU

12

U acTpoHU3HUKHU

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 JaJIbHEUIIIEM HAy4YHO-
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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JBIPBI B SIIpaxX rajlakTUK.
Bcenennas. Paciuupenue BeeneHHOM.
3akon Xa060ma. Pazberanue rajakTuk.
Teopus bosbiioro B3peiBa. PenmkroBoe
M3JIyYEHUE.
Macmrabnas ctpyktypa Beenennoil.
MeraranakTuka.
Hepemiennbie npo0iemMbl aCTPOHOMUU
Hroro no pazneny 12
Pa3nen 6. ®usnyecknii NPAKTUKYM
6.1 Pu3n4ECKUM 16 Crioco6s! u3MepeHus PU3nIecKux IIpoBeneHne KOCBEHHBIX U3MEPEHUH,
MPaKTUKYM BEJIMYHH C UCIIOJIb30BAaHUEM MCCJIEIOBAaHNN 3aBUCUMOCTEN
aHaJIOTOBBIX U LU(PPOBBIX (bu3nYecCKuX BEJIMYHH, IPOBEpKa
M3MEPUTEIHHBIX TPUOOPOB MPEJIOKEHHBIX TUTIOTE3 (BBIOOD
Y KOMITBIOTEPHBIX TaTYUKOBBIX U3 paboT, ONMHMCAHHBIX B TEMaTHYECKUX
cucteM. AOCOIIOTHBIE pasznenax «Y4eHUYECKUN IKCIIEPUMEHT,
Y OTHOCHUTEJbHBIE MOTPEIIHOCTH nabopaTopHbie padOThI, MPAKTUKYM))
U3MepeHU (PU3NYECKUX BEIUYHH.
OueHka rpaHul NOrpeuIHOCTEN
Hroro no pazneny 16
Paznen 7. O6o0maoiee noBTropeHmne
7.1 Cucremarusanus u 15 O60061eHne 1 cucTeMaTH3aIus Yyactre B AUCKYCCUH O POIH (PU3UKHU
00o011eHne COJIEP’KaHMsI pa3/iesloB Kypca Y aCTPOHOMHHU B pa3IMUHbIX cepax
IIPEIMETHOIO «Mexanukay, «MonekymnsipHas Gu3nka | JesTeIbHOCTH YEJIOBEKa.
COJZICP’KaHHUsI U OIIbITa Y TEPMOJUHAMHUKAY, [TonroroBka cooO1IeHUI O MecTe
NEeATENbHOCTH, «QnektpoauHamukay, «Konebanus (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 MPEICTABICHUI
0 MpUpoaE

0 IPUPOJIE.

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

Htoro no pazneny 15

PesepBHOE Bpems 10

OBUIEE KOJIMYECTBO 170
YACOB 11O ITPOTPAMME
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MEPEYEHB (KOJJUD®UKATOP) IPOBEPSIEMBIX TPEEOBAHUM

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

N 3JIEMEHTOB COAEPXXAHUA 110 PUBUKE

JI71st mpoBeIeHHsI €IMHOTO TOCYIapCTBEHHOTO dK3ameHa 1o ¢usuke (manee — EI'D
no (U3MKe) HCHoIb3yeTcsl ImepeyeHb (KoaupuKaTop) MpoBEpSIeMbIX TpeOOBaHUMN
K pe3ylibTaraM OCBOEHHUSI OCHOBHOM 00Opa3oBaTeIbHOW MpPOrpaMMbl CPEIHETO OOIIETOo
00pa30BaHUs U HIEMEHTOB COCPKAHMS.

IIposepsiembie Ha EI'D no ¢pusuke TpedoBaHNs K pe3yJbTaTaM OCBOEHMUS
OCHOBHOI1 00pa3oBaTeIbHON POrpaMMBbl CPpeAHero o0mero 00pa3oBaHust

Kon [IpoBepsiembie TpeOOBaHUS K IPEIMETHBIM Pe3yJibTaTaM OCBOCHUS
IPOBEPSIEMOTO OCHOBHOM 00pa30BaTeIbHON MPOrpaMMBbl
TpeOoBaHUs cpenHero obiiero oopa3oBaHuUs
1 ChopMHUpOBaHHOCTh YMEHUM pacmo3HaBaTh (PU3NUECKUE SIBICHUS

(mporecchbl) U OOBACHATH UX HA OCHOBE M3YYEHHBIX 3aKOHOB

2 Brnanenue  ocHoBomosararomuMu  (PU3MYECKUMH  MOHSTHUSAMU
U BEJIMYMHAMU, XapaKTEPU3YIOIUMU (PU3UYECKHE MTPOLIECCHI

3 ChopMHUpOBAaHHOCTh YMEHUN TMPUMEHSATH 3aKOHBI KJIACCHYECKOM
MEXaHWKH,  MOJEKYISIpHOW  (GU3UKK W TEPMOJUHAMUKH,
AJIEKTPOJUHAMUKH, KBAaHTOBOM [1)7€3709% TSt aHajm3a
U OOBSCHCHHS SIBJICHUH MHUKPOMHpA, MaKpoOMHpa W Meramupa,
paznuyath  ycioBus  (TpaHMIBI, 00JacTH)  IPUMEHUMOCTU
bu3MYeCKMX  3aKOHOB,  TMOHMMAaTh  BCEOOIIMH  XapakTep
byHIaMEHTAJILHBIX 3aKOHOB M OTPAaHMYEHHOCTh HCIIOJIb30BaHUS
YaCTHBIX 3aKOHOB; aHAJIU3UPOBATh (U3UUYECKHE MPOIECCHI,
WCIIO0/Ib3Ysl OCHOBHBIE TTOJIO’KEHHUS, 3aKOHBI U 3aKOHOMEPHOCTH

4 ChopMHUPOBAaHHOCTh YMEHUS pa3linuaTh YCJIOBUS NMPUMEHUMOCTH
Mojenel (U3NIeCKUX TeJ U MPOIECCOB (SIBJICHUIA)

S ChopMHUPOBAaHHOCTh YMEHHUS PEIIATh PACUETHBIC 3aJa4d C SBHO
3aJaHHOM W HESBHO  3aJaHHOM  (UBMYECKOW  MOJENbIO:
Ha OCHOBAHMM aHAJINW3a YCJIOBUSA BBIOMpATh (PU3NYECKHE MOJIEIH,
OTBEUAIOIINE TPEOOBAHUAM 33J1a4H, TPUMEHATh (POPMYJIbI, 3aKOHBI,
3aKOHOMEPHOCTH u NOCTYJaThl (bu3nYecKux Teopuit

IIprU HCIIOJIb30BAHMK MATEMATHYCCKUX MCTOJOB PCHICHHA 3a1ad,
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IIpoOBOAUTL PACUCTblI HA OCHOBAHHH  HMCIOIIUXCA  JAHHBIX,
AHAJIM3UPOBATL PE3YJIbTATBI U KOPPCKTUPOBATH MCTOAbLI PCHICHUA
C Y4CTOM IIOJTYYCHHBIX PE3YyJIbTATOB

6 Pemate kauecTBeHHBIC 3a7a4d, TPEOYIOIINE MPUMEHEHUS 3HAHUMN
U3 pa3HBIX pa3lleNIoB IIKOJIBHOTO Kypca (HU3MKH, a TaKxke
WHTETpaluy 3HaHUU U3 JIPYTUX NPEAMETOB €CTECTBEHHO-HAYYHOTO
LHUKJIA: BBICTPAUBATH JOTHYECKYIO LEMOUYKY PACCYXKIECHUMN C OITOPOM
Ha U3YYCHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (DU3NIECKUE SIBIICHUS

7 Bnagenne  OCHOBHBIMH  METOJAMM  HAy4HOTO  MO3HAHWU,
UCTOJb3yeMbIMU B (DU3HKE: TMPOBOAMTH NPSAMbIE U KOCBEHHBIE
U3MEpeHHsT (PU3NUECKUX BEJIMYUH, BHIOMpasl ONTUMANbHBIN CIIOCO0
U3MEPEHHUSI U UCTONb3Ysl U3BECTHBIE METO/IbI OLIEHKH MOTPEIIHOCTEN
U3MEPEHUI, TPOBOUTH HUCCIIEIOBAHUE 3aBUCUMOCTEN (PU3NUECKUX
BEJIMYUH C HCIOJBb30BAHUEM TMPSIMBIX H3MEPEHUH, OOBICHATH
MOJIYYE€HHBIE Pe3yJIbTaThl, UCHIOJIb3Ys (PU3UUYECKUE TEOPUH, 3aKOHBI
U TIOHATHS, W JIeJaTh BBIBOJBI, COONIOAATH MpaBuUiia OE30MacHOro
TpyJa TpU TNPOBEIECHUU UCCIEIOBAaHUNA B paMKax y4yeOHOro
IKCIEPUMEHTa U  y4eOHO-MCCIENOBATENbCKOW  JIEATEIbHOCTU
C HUCHONb30BAHMEM LU(MPPOBBIX HU3MEPHUTEIBHBIX  YCTPOHCTB
U J1a00paTOPHOT'0 000PYTOBAHUS

8 ChopMHUpOBAaHHOCTh YMEHHMM aHAIM3UPOBaTh U  OILICHUBATH
MIOCJICJICTBUSL  OBITOBOM M IIPOM3BOJICTBEHHON  JICSITEIHHOCTH
YeJIOBeKa, CBSI3aHHOM ¢ (DU3MYECKUMHU TMPOIIECCaMU, C TO3UITUHN
HKOJIOTHYSCKON O€30IacHOCTH; MPEICTaBICHU O palMOHAILHOM
MPUPOJAOIIOJIB30BAHNH, a TaKXKE Pa3yMHOM MCIOJIb30BaHUU
JOCTMKCHUM HAyKHM W TEXHOJOTMU Uil JAIbHEWILIETO Pa3BUTHS
YeJI0BEUECKOro 00IIecTBa

9 OBnageHue pa3mTu4YHBIMU crocobamMu paboTel ¢ UHOpMAaIUei
(GU3NYECKOro COAEp)KaHUSI C HCHOJIb30BAaHUEM COBPEMEHHBIX
UH()OPMAIIMOHHBIX TEXHOJOTUH; pPa3BUTHE YMEHHI KPUTHYECKOTrO
aHallM3a ¥ OLIEHKH JOCTOBEPHOCTH MOITyIaeMoil HHPOpMAITUU

10 ChopMUpPOBAaHHOCTh yYMEHUN MPUMEHATh OCHOBOIIOJAraroLIne
ACTPOHOMHUYECKHE TIOHATHS, TEOPUM W 3aKOHBl JUI1 aHAIW3a
U O0bsicHEeHUsT  (U3MYECKMX  MIPOLECCOB,  MPOUCXOASIINX
Ha 3BE€3/1aX, B 3BE3JHBIX CHUCTEMaX, B MEXTaJIaKTUUYECKOU Cpeje;
NIBIDKEHHUS HEOCCHBIX TeJI, DBOJIIOIIMHU 3Be3/] U BeeleHHoM
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Ilepeuenb 3J1eMeHTOB colep:kaHusi, nposepsieMbIix Ha EI'D nmo ¢pusuke

Kon
DJIEMEHTA

Kon
pasnena/
TEMBI

IIpoBepsiemMblil 371EMEHT COJIEPKAHUS

1

MEXAHUKA

1.1

KMHEMATUKA

MexaHndeckoe JABHKCHUC. OTHOCHTEIILHOCTE MEXaHUYECKOT O JABWXKXCHU .

Cucrema orcuera

TPacKTOPHS

S
-

MartepuasbHas TOUKa.
Ee panuyc-BekTop:

-~
>
~

F(£)=(x(6). () (1)),

—

TpaeKTOpHS, >
nepeMeIieHue: O 2

AF:F(tz)_F(tl):2_7: X
=(Ax, Ay, Az) ’

IIYTb.
CroxeHue nepeMeneHui:

Ar, = Ar, + Ar;,

CkopocTs MaTepHanbHON TOUYKU:

. Ar .
D=—— =
At At—0

N

=(v,.0,.0.),

Ax ! .

L, = Af =X, , ananornyno U, =Y, U, =Z,
At—0

X

—

Crnoxenne ckopocreit: Uy =U, T U

Beruucnenue nepeMeiieHus U NyTH MaTepUaibHON TOUKU MPU MPSIMOJIUHEHHOM

JIBUYKEHUH BJIOJIb OCH X 110 Tpa(MKy 3aBUCUMOCTH Uy (t)

. Ao

VcKopeHne MaTepHaibHOi Touku: ¢ =

At At—0

=0, (ax,ay,az)’
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Av, . ~ .
a = = (U ) a =\ a =\
x At x ), , anajgorn4uo 4, v ), . 4. . ), -
At—0
1.1.5 PaBHOMEpHOE NIPSAMOJIMHEHHOE IBUKEHHUE:

x(t) = x,+v,.t

v, (t)=v,, = const

X

1.1.6 PaBHOYCKOpEHHOE MPSMOIMHENHOE IBUKEHUE:

2
at

x(1) = x,+ 0,1 +

v, (t)=v,, +a,t

X

a. =const

UZZx _Ulzx = 2ax (xZ _'xl)

L t+U,
[Ipun nBMKEHUM B OTHOM HAIPABJICHUH ITYTh S= "l

1.1.7 CBoOoniHOE MMajieHue. Y CKOpeHrue CBOOOTHOTO
najzeHus. J[BrkeHue Tema, OpOMIEHHOTO IO

yrinom & x ropuszonty:

x(1) = x, + Ut =X, + 0, cosa-t

ya o op
t : r’ )H )
y(t)=y, +ont+gy7=yo +0, sma-t—%

Vo Q
v, (t)=v,, =y, cosa
v, (t)=0,, + g, =v,sina—gt R X
g, =0
g, =—g =const
1.1.8 KpusonuneitHoe nqerxeHue. J[BUKeHHE MaTEpUaIbHON TOUKHU 10 OKPYKHOCTH.

VrioBas u auHeitHas ckopocTh Toukn: U = OR . [Ipy paBHOMEPHOM JBIKCHUH

27

TOYKH 110 OKpykHOCTH O = ? =2nv,
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2

2
LlenTpocTpeMHTENBHOE — YyCKOpPeHME TOoukM: d,  =— =0 R . Tonnoe

YCKOpPEHHE MaTepHaIbHON TOUKU

1.1.9 Tepnoe Teno. [loctynatenbHoe v BpamaTeabHOE ABUKEHUE TBEPAOTO Tela

1.2 JNHAMUKA

1.2.1 WNuepuuanbaele  cucrteMsl orcuera. llepssii 3akoH  HeroTona. IIpuHnun
otHocuTenbHOCTH ["anuies

1.2.2
Macca tena. [InotHOCTH Bemectra; P =

m
4

—

123 = =
Cwuuta. ITpuHIMD Cynepno3uInyU CHIL F;aBHOHeﬁCTB =F+F,+..

1.2.4 Bropoii 3akon Herotona: nist marepuanbHoit Touku B UCO

F=md; Ap=FAt npu F = const

1.2.5 Tperuit 3akoH HproTOHA 111 MaTepHUaIbHBIX 4“"_._.—"‘_'
touex: Fj, =-F,, 12 F;,
1.2.6 3aKOH BCEMUPHOTO TATOTEHUS: CHJIBI MPUTSHKEHUS] MEXKAY TOYEUHBIMH MacCaMu
F=¢"2
paBHBI = R

Cuia TSKECTH. HCHTp TSDKECTU Teja. 3aBUCUMOCTD CHJIIBI TSKECTH OT BBHICOTHI h
HaJl TOBCPXHOCTHIO IJIAHCTHI paanyCoOM Ro:

GMm
(R, +h)’

1.2.7 Cuna ynpyroctu. 3akon ['yka: Fx = -kx

1.2.8 Cuna tpenus. Cyxoe TpeHue.

Cuna Tpenus ckonbxkenns: Lop = WV

Cuna penus nokos: Loy S HNV

Koadpdunment tpenus

1.2.9 FL
Hasnenune: P =~
S
1.3 CTATHUKA
83
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1.3.1 MOMEHT CHJIBI OTHOCUTENILHO OCH BPAIllCHUS:
|M| =Fl , rme | — mneyo cuibl F
OTHOCHUTEJIBLHO OCH, IIPOXOJISIIEH Yepe3 TOUKY
O neprneHIuKyIsapHO PUCYHKY F
1.3.2 Lentp wmacc Tenma. ILleHTp Macc CHCTEMbl MaT€pUANBHBIX  TOYEK:
. m, +m,r, + ... (a t)
Fw = . B onHOpOIHOM IOIE TSKECTH = Cons eH
A m +m, +... AIHOPOR & HeHTP
Macc TeJa COBIAJIAET C €ro IEHTPOM TSKECTH
133 M, +M,+..=0
VYcnoBus paBHoBecus TBepaoro tena B UCO: | = =
F+F+..=0
1.34 3akon Ilackamns
1.3.5 . . — + h
JlaBnenue B KUAKOCTH, nokosmeiica B UCO: P = Py T P&
1.3.6 . _ D
3akoH Apxumena: F Apx = _PBI)ITCCH ,
ecnu Teno U KUAKocTh NoKosTCs B UCO, TO Fapx = pgVnieen
YcnoBue miaBaHus T
14 3AKOHbI COXPAHEHUS B MEXAHUKE
14.1 Umnynbc MaTepuanbHoi Touku: P = MU
142 . D=DpD +D.+
Nmnynse cucrembl te: P = Py T Py T
143 3aKOH U3MEHEHUS U COXpaHEHHs UMITyJIbCa:
B ICO Ap = A(p1 +p, + ) =F oA+ F, AT+
8 NCO Ap = A(191 +p2 +) = O » CCJIIA FIBHeLHH +F;BHemH +.= 0
PeakTuBHOE NBHKEHNKE
144 Pabora cuiibl Ha MajioM TIepeMeIICHUN ﬁ'
A=‘F‘-|AF|-COS a=F -Ax
Ar X
14.5 MOIHOCTEL CUJIBI:
€CNU 3a BpeMs At paboTa CHIIBI U3MEHSETCS
ra AA | T0 MOIIHOCTD CHJTBI
84
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P Ad =F-v-cosa IE:

At At—0 U’
0

1.4.6 mo? p2

KuneTuueckas SHeprus MatepuaibHoi Toukn: F = ——="—

2 2m’

3aKk0H M3MEHEHHS KWHETHYECKOU OHCPrunu CUCTEMbl MATCPUAJIBHBIX TOYCK: B

uco AE_ =A +A, +..

1.4.7 [TorenunanbHas SHEPrus:

JJIA ITOTCHIIUAJIBHBIX CHUJI A12 = Ell'IOTeHI.[ - EZHOTCHL[ = _AEnoTeH]_[ .

HOTeHHI/IaHBHaﬂ OHEpPruAa MaTepI/IaJ'IbHOf/'I TOYKHU B OJHOPOAHOM IIOJIC TAKCCTU!:
EHOTeHu = mgh

[TorenuuanbHas sHEprus ynpyro nehOpMUPOBAHHOTO TeMa:

o
TIOTCHI] = 2
1.4.8 3aKOH U3MEHEHHUS U COXPAaHEHMSI MEXaHUUYECKON SHEPIrUu:

Emex = Exun + EHOTeHL{,

suco AE ., =A

BCCX HCTIOTCHIL. CHUIT »

B 1ICO AE’Mex = O , €CIIN Agcex HEIOTeHII. CHI — 0

1.5 MEXAHMYECKUNE KOJIEBAHNM A 1 BOJIHBI

1.5.1 l'apmonnyeckune kosnebaHusl MaTepualbHOM TOUkM. AMIMTYZa U (asa
konebanuil. Knunematuueckoe onucanue:

x(t)=Asin(ot+9,),

v, (1)=x,

X t>

a. (t) = (U )t = —Osz(f) =a, + w’x=0 , TJI€ X — CMEILEHUE U3 TIOJI0KEHUS

X

paBHOBECHS.

JlnHaMuyeckoe onucaHue:

2
may = kx, rqe kK =m®” . Ito 3naunr, yro Fx = -kx.

DHepreTuyecKoe OMMcaHue (3aKOH COXPaHEHHs MEXaHUUECKON SHEPTUH):
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2 2 2 2
mv-  kx* mvu,. kA
+ = = = const
2 2 2 2
CBs13b aMILIUTY 1Bl KOJICOAHUH CMEIICHUS MaTEPHAILHONW TOYKH C aMIUIMTYIaMH
KoJieOaHU €€ CKOPOCTH U YCKOPEHHUSI:
_ 2
UmaX _OJA ’ amax =0 A
152 2n 1
[Teprox u yactoTa KoneOaHUIA: I'=s—=—
Q) A%
[lepron  ManmbiX CBOOONHBIX  KOJICOAHWH  MAaTeMaTHYeCKOro  MasTHUKA:
[
T=2m |—
4
. m
[Tepuon cBOOOMHBIX KOJIEOAHUH MTPYKUHHOT'O MasTHHUKA! T=2m|—
1.53 Brinyxnennsie konebanus. Pesonanc. PesonancHas kpuas
1.54 [Tonepeunblie u npoaoabHBIE BOIHBL. CKOPOCTHh pacCpOCTPaHEHUs U JJIMHA BOJIHBIL:
19
A=0T =—
v
WnTepdepennus u audpaxius BoJIH
1.5.5 3Byk. CKOpOCTb 3BYyKa
2 MOJIEKYJISIPHAS ®U3UKA. TEPMOJIMHAMUKA
2.1 MOJIEKYJIAPHAA ®U3UKA
2.1.1 Mopenu cTpoeHust ra3oB, KUJIKOCTEN U TBepAbIX Tel. [lycTh TepMoguHamMuyeckas
cuctema (Teno) coctout u3 N OJMHAKOBBIX MOJIEKYJI. Tor/1a KOJTM4eCcTBO BEIeCcTBa
N m
vV=——=—
b
Ny u
rae Na — unciio ABorajapo, m — macca CUCTEMBI (Tena), - MOJISIpHas Macca
BEIIIeCTBA
2.1.2 TernnoBoe ABUKEHHE aTOMOB U MOJIEKYJI BEIIECTBA
2.1.3 BsanmopeiicTBre yacTHI BellecTBa
2.14 Hudodysus. bpoyHoBckoe aBmxeHne
2.1.5 Mopens naeampaoro raza 8 MKT
2.1.6 CBs3b MEXAY JABJICHUEM M CPEIHEN KMHETHYECKOW SHEpPrueil mocTynaTeabHOro
TEMJIOBOTO JIBM)KCHUSI MOJIEKYJI HJIealbHOTO ra3a (ocHoBHOE ypaBHeHue MKT):
86
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2
1 = 2 (mp*) 2 —
p=—mpv- =—n- 5 = g n-& .. ,TAemo— Macca OIHON MOJIEKYJIBL,
N
n= ? — KOHLICHTpAIMs MOJIEKYJI

2.1.7 AbcomoTHas Temneparypa: T =t°+ 273 K

2.1.8 CBs13b TEMIIEpaTyphl I'a3a CO CPEIHEN KNHETUYECKON SHEpPruer nocTynaTeabHOro
TEMJIOBOrO JIBUKEHHUSI €70 MOJIEKYII:

- 2
EHOCT = mOU = i kT
2 2

2.19 | VYpaBuenue p = nkT

2.1.10 | Mogenp naeanbHOro ra3a B TEpMOJIUHAMUKE:

Ypasuenue MenpaeneeBa — Knaneiipona

Bripaxkenue 1Jist BHyTpEHHEN SHEPTUU

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

pV =""RT =vRT = NkT | p=PRL

i n

BelpaxkeHne 111 BHYTpEHHEH OSHEpPruud OJHOATOMHOIO HAEAJIBHOrO Tasa
(mpumeHnMBbIe (HOPMBI 3aMUCH):

U:%VRT=%NkT=EﬁRT=chT=%pV

2

2.1.11 3akoH JlanbTOHA AJ1s 1aBJIEHUS CMECH Pa3pEKEHHBIX a30B:
p=pitp2t..

2.1.12 |M3ompouecchl B pa3peXEHHOM Tra3e C IMOCTOSHHBIM YHCIOM MoOJeKydl N
(C TIOCTOSIHHBIM KONIMYECTBOM Berectsa V ):

uzorepma (T = const): pV = const,

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

u3o6apa (p = const): T = const

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

Py = const
T

JJIA ITIOCTOSTHHOI'O KOJIMYECTBA BCIICCTBA v

2.1.13 Haceimiennsie U HeHachIeHHbIE TTapbl. KauecTBeHHAas 3aBUCUMOCTH ILIOTHOCTH
U JIaBJICHUS] HACBHIIIEHHOTO Tapa OT TeMIEpaTyphl, UX HE3aBHCHUMOCTh OT 00BbeMa
HACBIIIEHHOT 0 TTapa

2.1.14 | BnaxHoCTb BO3/yXa.

pnapa (T) — pnapa (T)
p HACBIIIL. Mapa (T ) p HACBILI. apa (T)

2.1.15 H3MeHeHne arperatHblX COCTOSIHMKA BELIECTBA: HMCHOAPEHUE W KOHACHCALMA,
KHIIEHUE JKUJIKOCTH

OTHOcHTENbHAS BiIakHOCTE: P =

2.1.16 |H3MeHeHMe arperaTHbIX COCTOSIHUM BEIECTBA: IIABJICHUE U KPUCTaJUIN3aL s

2.1.17 | IIpeobpa3oBaHue 3HEpruu B (pa3oBBIX mepexoaax

22 TEPMOJAMHAMUKA

2.2.1 TemnnoBoe paBHOBECUE U TEMIIEPATYpa

222 BuyTtpennsis sHeprus

223 Tennonepenada kak crocod M3MEHEHUS BHYTPEHHEH SHEpruu 0e3 COBEpIICHHUs
pa0oTbl. KoHBEKIMS, TENIONPOBOAHOCTD, U3IY4YEHUE

224 KonuuecTBO TEMIIOTHI.

VienbpHas TEIUIOEMKOCTD BEIIECTBA C: Q =cmAT

2.2.5 VY nenpHas TemnoTa napoodpazoBanus L: Q = Lm.

VaenpHas TEIUIOTA IUIABIICHUS 7\4 . Q - }\J’I/l .

YaenpHas TemnjaoTa CropaHuA TOIIMBA (: Q =(Jqm

2.2.6 DOnemeHTapHas pabora B TEpMOAMHAMUKE: A= pAV  Bruucnenue paboTHI

no rpaduky mporecca Ha pV-quarpamme

2.2.7 [IepBrlii 3aKOH TEPMOJIMHAMUKU:

Q12 = AUIZ +A12 = (Uz _U1)+A12-

Anmnabara:
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Q12 =0= AIZ :Ul _Uz :_AU12

2.2.8 Bropoii 3akon Tepmoaunamuku. HeoOpatumeie mporiecchbl

229 [Tpunnune! nevictBus Tenaobix MammH. KITJI:

T] — Aga UK QHarp - |Qx0n — 1_ |onn
QHarp QHarp QHarp

2.2.10 |Maxkcumansuoe 3nauenue KII1/1. Lukn Kapno:

_ . T;Iarp B Txon 1 7:(031
max m = nKapHo - T - T
Harp Harp

2.2.11 | VYpaBuenue TemioBoro 6amanca: Qi+ Q2+ Q3 +...=0

3 DJIEKTPOJJUHAMHUKA
3.1 OJIEKTPUYECKOE I1OJIE
3.1.1 DJIEKTpU3alMs TEJl U €€ MPOsBICHUS. DJIEKTpUUYECKUil 3apsaa. JBa Buaa 3apsaa.
DJIEMEHTapHbIM AJIEKTPUYECKUNA 3apsil. 3aKOH COXPAHEHHS DSJIECKTPUUYECKOIrO
3apsaa

3.1.2 B3anmopeiictBue 3apsaoB. Toueunsie 3apsaasl. 3akoH Kynona:
B OIHOPOJIHOM BEIIECTBE C AUINIEKTPHUECKON MPOHUIIAEMOCTRIO ©

ARA _ ‘|ql|-|q2|

2

F=k—;
er dnee, r

3.13 Onextpuyeckoe noiue. Ero gelicTBue Ha 3JIEKTPUYECKHE 3apsiibl

3.1.4 F

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

q
Tone Toueunoro sapana: £, =k — |
r

—

onHoposaHoe none: £ = const .

KapTunbsl TMHUN HANIPS>KEHHOCTH 3TUX TOJIEH

3.1.5 [ToreHIManbHOCTD AIEKTPOCTATUYECKOTO MOJIS.

Paznoctn MOTCHIIMAJIOB U HAIIPSIKCHHUEC!

A,=q(9,-9,)=—qAo=qU
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IloTenmuanpHas OHEPrud 3apsaa B 3JICKTPOCTATUYICCKOM I10JIC:

W=qo.
A=—-AW

W
[ToreHuman 3;IeKTPOCTATUYECKOTO MOJIA: ¢ = ; .

CBsi3p HANpPSXKEHHOCTU IMOJs W PAa3sHOCTM MOTEHLHMAJIOB JUIsl OAHOPOJHOIO
anekrpocratuyeckoro nosst: U= Ed

3.1.6 [IpuHIUI Cyneprno3uuuy dIeKTPUIECKUX MOJIEH:

E=E+E,+.. ,0=0,+¢,+..

3.1.7 [IpoBOgHUMKM B DJEKTPOCTATHYECKOM  MOJIE.  YCIIOBUE  pPaBHOBECHUSA
T
3apsA/0B:  BHYTPUM TIPDOBOAHMKA [ —(), BHYTpM M Ha IOBEPXHOCTH

npoeognuka P = CONst

3.1.8 JMANeKTpUKU B 3JEKTPOCTATHYECKOM MoJe. JM3IeKTpudyeckass MpoHUILIAEMOCTh
BelecTsa ©

3.19 q
Konnencatop. D1eKTpOEMKOCTh KOHJIEHCATOpa: C= U .
Y
DNEKTPOEMKOCTb IJIOCKOI0 KOHAEHCATOopa:! C= d =&eC,
3.1.10 |IlapannensHOE COEIMHEHNE KOHJIEHCATOPOB:
qg=qt@+.,Ui=U=., Cuapau=C1 + Co + ...
[TocnenoBarenbHOE COEIUHEHNE KOHIEHCATOPOB:
1 1 N 1 N
U=Ui+tUL+.,qu=q=.., - ST A T
Cnocn Cl C2
3.1.11 qU CU? q2
DHeprus 3apsLKEHHOr0 KOHAeHcaTopa: Wc = = =
2 2 2C
32 3AKOHBI [IOCTOSAHHOI'O TOKA
2.1
3 I Ag )
Cuna Toka: £ — A_ . [locrosiuubii TOK: I = const
t At—0
Jns mocTositHHOrO TOKA = It
90
HokymeHT co3aaH B anekTpoHHon chopme. Ne Corn 103 ot 28.04.2026. VcnonHuTens: KOHycosa 3.H. 0 INEKTPOHHbIA

Ctpanunua 90 n3 97. CtpaHuua cosgara: 28.04.2026 17:44 =¥ TATAPCTAH



®enepanbHas pabouas mporpamma | @usnka. 10—11 kmaccsr (yriayOaeHHbINH YPOBEHB)

322 VYcnoBus CymecTBOBAHMS JJIEKTPAYECKOrO TOKA.
Hanpsoxenne U u DJIC E

323 U
3akon Oma 11 yyacTka I1eTu: [=—

324 DIEKTPUYECKOE CONMPOTUBIIEHUE. 3aBUCUMOCTb COIMPOTUBIIECHUS OJHOPOIHOIO
IIPOBOJHHUKA oT €ro JOJIHNHBbI u CCUCHUA. y,[[eJIBHOG COIIPOTHUBJICHUC

[

pemectsa. K =P S

325

CTOPOHHUX CHJI

q

Hcrounnku Toka. 3/1C HCTOYHUKA 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 I= T R
B A R+r

3.2.7 [TapamienbHOE COeqMHEHNE TPOBOIHUKOB:

| I 1

I=1+L+..,U=U-=.., ——_+R—+...'
Tapaiia 1 2

HOCHCI[ OBAaTCJIbHOC COCANMHCHUC ITIPOBOAHNKOB:

U=U+Uh+. . Ii=h=..,,Ruwa=Ri + Ry + ...

328 Pabora anexkrpuueckoro Toka: A = [Ut.

3akon JIxoyns — Jlenna: Q = I?Rt.

U2
Ha pesucrope R: Q= A=I’Rt = [Ut = ?t

329 AA

MOIIHOCTB AMEKTPUYECKOTO TOKA: P= =1U
At At—0

2
TemmoBas MOIIHOCTDB, BbIACIIEMAsA Ha PE3UCTOPE: P = I R = = ]U .

_ CT. CHJI —
MoIIHOCTE HCTOYHHKA TOKA: PE - =EI
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3.2.10 |CBoOoxHble  HOCHTENM  JJEKTPUYECKHMX  3apsioB B I[POBOAHUKAX.
MexaHu3MBl TPOBOAMMOCTH TBEPABIX METAJUIOB, PACTBOPOB H  PACIIABOB
3JEKTPOIUTOB, ra3os. [lonynpoBonHuku. 11oynpoBOAHUKOBBIN MO

33 MATHUTHOE ITOJIE

3.3.1 Mexanndeckoe B3aMMOACHCTBME MarHuToB. MarHutHoe 1mone. Bekrtop
MarHUTHOM WHIYKIUH. [TpunIMI CYIIEpIIO3ULIIH MarHUTHBIX
noxeit: B = Bl +32 +...

JIMHUY MHIYKIWA MarHuTHOTO moiisi. KapTuHa JIWMHHWIA HHIYKIUW MarHUTHOTO
HOJIS TTOJIOCOBOT'O M ITOIKOBOOOPA3HOTO MOCTOSIHHBIX MarHUTOB

332 Oneir Opcrena. MarHuTHoe Mojie NPOBOAHMKA € TOKoM. KapTuHa nuHui
MHIYKIIMM MarHUTHOTO IOJIA JUTMHHOTO IPSMOTO IPOBOJHUKA W 3aMKHYTOI'O
KOJIBIIEBOT'O IIPOBOAHMKA, KATYIIKH C TOKOM

333 Cuna Amnepa, ee HanpaBJICHUE U BEJIMYHHA!

F, = IBl sin® rge O _ yron wmexmy HampaBieHHeM MpOBOJIHUKA
¥ BeKTOpoM B

3.3.4 F. =|gluBsina o
Cuna Jlopenua, ee HanpaBieHue u BenuauHa: {'op = |4 ,rae 4 —yron
Mexay Bektopamu U u B . JIBUKeHHE 3apsKCHHON YACTUIBI B OXHOPOLHOM
MarHuTHOM TOJIe

34 SJIEKTPOMAI'HUTHASA MHAYKIUA
34.1 [Torok BeKTOpa MarHUTHON UHIAYKLHH: 7 B
a
®=BS=BScosa
342 SBnenue 3nekTpoMarHuTHON MHAYKIMU. DJ1C HHAYyKIUU
343 3aKOoH 3JIeKTpoMarHuTHOU nHAyKuuu dapanes:
A@ 1
E =—— =-0,
At At—0
344 OJIC uHIYKIMHU B IPSIMOM MPOBOTHUKE

"

JUTMHOM |, IBMXKYIIEMCS CO CKOPOCThiO U

(U 11 ) B OJIHOPOJTHOM MarHuTHOM I1oJe B: / 7

i
)
4{_.

|Ei| = Blucosa ,rae & — yron mexny BekTopom B u HOpMabio n x

IIOCKOCTH, B KOTOPOif 1ekat Bektopel | u U ; ecn [ LBuOlB
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10 |E;|=Blv

3.4.5 [IpaBuio Jlenna

34.6 (0))
NHAYKTUBHOCTD: L=— , i @ = LI.

1

Al .

Camonnnykus. 91C caMONHIYKIIMH: Esi =—L—
At At—0

9HeprI/I>I MAardvTHOI'O ITOJIA KaTYIIKKU C TOKOM: WL =

2

3.5 OJIEKTPOMAT'HUTHBIE KOJIEBAHWA 11 BOJIHBI

3.5.1 KonebaTenbhblii KoHTYp. CBOOOIHBIE 3JICKTPOMArHUTHBIE
KoJieOaHMsl B UI€aIbHOM KOJIE0aTeIbHOM KOHTYpE: I

(1) = g sin (ot + ;)
I(f) =g, = O, Cos(oat + (po) =1,,.cos(of+¢,)

T=2nJLC 0= o1
®opmyna Tomcona: 1 = 2T , OTKyZa T \/R .

CBs3b AMIIMTYIbl  3apsJia KOHJACHCATOpa C aMHHHTYHOﬁ CHJIBI TOKa
Impu CBO60}IHBIX QJICKTPOMArHuTHBIX KOJIEOaHUSX B nJacaJbHOM K0Je0aTeIbHOM

max

KOHTYPE: Ymax =

352 3aKOH COXpaHEHHUs PHEPTUH B UJI€AIbHOM K0JIe0aTeIbHOM KOHTYpE:

cu®* LI CcuU’,. LI,
5 + 5 = 5 = =const .

353 BrIHyXICHHBIC 2JICKTPOMarHuTHhIE KosieOanus. Pe3oHaHc

354 ITepemennsbiii Tok. IIpom3BoacCTBO, mepenadya W MOTPEOJICHHE 3JICKTPUYECKOU
SHEpPruu

3.5.5 CBoiicTBa SIEKTPOMAarHUTHBIX BOJIH. B3auMHas opueHTanus BEKTOPOB

B 2JIEKTPOMAarHUTHOM BonHe B Bakyyme: £ | B | ¢

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

3.6.1 [IpssmMonuHeitHOE pacnpoCTpaHEHUE CBE€Ta B OAHOPOAHOM cpene. TouyeyHbld
MCTOYHUK. JIy4d cBeTa

362 | 3ak0mm orpaxenus ceera. & = B
alP
S
3.6.3 [TocTpoeHne N300paXkeHUI B IIIOCKOM 3€pKajie
3.64 3aKOHBI IPEIOMIICHUS CBETA.

[Ipenomenue ceera: /4SO =1, sinf3
AOCOMIOTHBIN MOKa3aTeNb IPETOMIICHUS:

OTHOCHTENBHBIH MOKa3aTenb npenomuenus: Tom = = .

Xoj Jy4yel B Ipu3Me.
CooTHOLIEHME 4YacTOT MW  COOTHOIIEHWE JUIMH BOJH THpU  IEpexone
MOHOXPOMAaTHYECKOI'0 CBETA Yepe3 IPaHMILy pa3fesa IBYX ONTUYECKUX CPEeN:

Vi =V, mh, =ny)k,

3.6.5 [lomHOE BHYTpEHHEE OTpaKEHHUE.

IIpenenbHbIi  yrojl IIOJHOTO BHYTPEHHErO Ny<my n,
OTpaXkECHUA:
. 1 n,
smoa _=-——=—
mp
n n,

OTH

3.6.6 CoOuparone u pacceuBaronive JUH3bl. TOHKas JrH3a. POKYCHOE paccTOsiHUE

1

F

U ONTHYECKas CHja TOHKOM JIMH3HI: D =

3.6.7 dopmyJia TOHKOM JIMH3BIL: d

1 1 1
A !
P\ h
VBemnmdenne, 1aBaeMoe JMH30M: I

rzizm. v
H d
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B ciyuae paccenBaronieit IMH3bI:

D<0:>F:i<0
D

3

h_|/]

=—="—x<I
H d

3.6.8 Xox nywa, NpOMIEAUIErO JIMH3Y MOJA IPOU3BOJIBHBIM YIVIOM K €€ TIJIaBHON
ontuuyeckoir ocu. IlocTpoenne wu300pakeHUN TOUKM M OTpe3Ka MPsSMOM
B 006Hpa}omux " paCCCHUBAIONINX JIMH3aX U UX CUCTCMAXxX

3.69 doroamnmapaT Kak onTH4eckuii nmpudop. ['na3 kak onTuyeckas cuctemMa

3.6.10 |Hutepdepennus ceta. KorepeHTHbIE HWCTOYHUKU. Y CIOBHUS HAOJIOACHUS
MaKCUMYMOB U MUHUMYMOB B UHTepP()EPEHIIMOHHOM KapTUHE OT ABYX CHH(]a3HBIX
KOT'€PEHTHBIX UCTOYHHKOB:

MaKCUMYMBbI — A= 2m5 ,m=0,+/-1,+/-2,+/-3, ...,

A
MUHHUMYMBI — A= (2m + 1)5 ,m=0,+/-1,+/-2,+/-3, ...

3.6.11 |Judpakuus cBera. Judpakimonnas pemerka. YClIoBHEe HAOJIOICHUS TJIABHBIX
MaKCUMYMOB TIPH HOPMallbHOM TMaJeHUH MOHOXPOMATHYECKOTO CBETa C JJIMHOMN

BOJIHBI A Ha pelIeTKy ¢ nepuoaom d:

dsinQ, =m\k m=0,+/-1,+/-2,+/-3, ...

3.6.12 | lucniepcus cBera

4 KBAHTOBAS ®U3UKA

4.1 KOPITY CKYJIAPHO-BOJIHOBOU JIV AJIU3M

4.1.1 I'mmotesa M. Tlnanxka o keanrax. ®opmyna [Tnanka: E = hv

4.1.2 he
dotonsr. Dueprus dorona: £ =hv = n —

pe.

Nmmynsc porona: P =

413 ®oroaddext. Onbitel A.I'. CToneroBa. 3akoHbI poTodddexTa

4.14 VYpaBuenue DiHmTeHa 11 poTodrdhdexra:

E(bOTOHa = ABLIXOI[a + EKI/IH maxs
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hc hc mv’
— — = = — max __
rne E(POTOHa - hV - }\‘ P ABHXOHa thp }\‘ , EKI/IHmaX - 4 = eUsan
Kp 2
4.1.5 JaBnenue cBera. /[aBiieHuEe cBETa Ha MOJHOCTHIO OTPAXKAIONUIYIO MOBEPXHOCTh U

Ha INOJIHOCTBIO ITOTIOIIAIOINYT0 MMOBCPXHOCTH

4.2 OU3NKA ATOMA

4.2.1 [InanerapHas moxens aTtoma

422 IMocrynater bopa. M3nyuenne u moriomeHne (OTOHOB NIpH IEpexoie aroMa
C OZIHOT'O YPOBHS SHEPTUU Ha APYTOM:

hv :E

mn

=|E, - E,|

mn

4223 Jluneiiuatbie CIEKTPHI.

CriekTp ypOBHEH PHEPrUU aToMa BOJOpOJIa:

—13,6 »B
E,=—— n=12,3,..
n
4.3 ®U3HUKA ATOMHOTO SIJIPA

43.1 Hyxnonnas mozgens siapa I'eizen0epra — MiBaneHko. 3apsn sapa. MaccoBoe 4ncio
anpa. M3otomnsl

432 PannoakTUBHOCTS.

A A4 4
Anpda-pacran; z X >z, Y +,He,

bera-pacnan.

A A 0 ~
Snextponnprii P-pactan: ;X =, Y+ e+V,.

A A 0~
TMosutponnsii P-pacman. ; X =, Y+ é+v, .

lN'amma-n3nyuenue

433 _t
3aKOH paJMOaKTUBHOIO pacnaaa: N ( t) = N0 2T,

t
ITIycte m — Macca pairnoakTUBHOIO BellecTBa. Torna i ( t) =m, - 2T

434 SnepnHbie peakuuu. [lenenne u cHHTE3 siaEp
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