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HOACHUTEJIbBHAA 3AIINCKA

[Iporpamma mo ¢u3MKe Ha YpOBHE CpenHEro oo0mero oopazoBaHus pa3zpadoTaHa Ha OCHOBE
MOJIOKEHUH M TpeOOBaHWI K pe3ylbTaTaM OCBOEHHUS OCHOBHOW 00pa3oBaTENbHON MPOrpaMMBbl,
npeacrasieHHbix B ®I'OC COO, a Ttakxke ¢ yuérom enepanbHON paboyeil MporpaMMel
Bocrutanus u KoHuenmuu mpernonaBaHust ydyeOHoro mpenmera «®Pusnka» B 00pa30BaTENbHBIX
opranuzanusax Poccuiickoit deneparuu, peanusyomnx 0CHOBHbIE 00pa30BaTEIbHBIC TPOTPAMMBI.

[Iporpamma mo ¢usmke onpeaensier 003aTeIbHOE MPEAMETHOE COJIEPKAHNE, YCTAHABINBACT
PEKOMEHIyeMYIO TOCIIE0BATEIBHOCTh H3YYEeHUSI TEM M Pa3/IelioB Y4eOHOTO MpeaMeTa ¢ y4eToM
MEXIPEIMETHBIX ¥ BHYTPUIPEAMETHBIX CBS3€H, JIOTMKH y4eOHOTO Ipolecca, BO3PACTHBIX
ocobenHoctel oOyuarontuxcs. [Iporpamma mo ¢usuke qaét nmpencTaBieHue O HENX, COAePKaHNH,
oOuieil cTparernn 0OydeHHs, BOCIUTAHUS U Pa3BUTHS OOy4aIOUIUXCS CpEACTBAMHU Y4eOHOTO
npeamera «Pu3nKa» Ha YriyOIEHHOM ypOBHE.

Wzyuenne kypca ¢Qusukm yriayOnE€HHOTO YpPOBHS TIO3BOJIIET pPEATM30BaTh  3a7adyd
npodecCHOHATbHOW OpHEHTAIMH, HAIMpPaBICHO Ha CO3JAaHWE YCIOBUH JUIS TPOSIBICHHUS CBOUX
MHTEIUICKTYaJbHBIX U TBOPYECKUX CIMOCOOHOCTEH KaXKIIbIM 00yJaroIuMCs, KOTOPbIe HEOOXOIUMBI
JUIs  TpOJOJDKEHHsT oOpa3oBaHUS B OpraHu3alusaX NpodeccHoHaTbHOrO 00pa3oBaHUS 110
Pa3IMYHBIM (PU3UKO-TEXHUIECKUM ¥ HHXCHEPHBIM CIETIHATHHOCTSIM.

B mporpamme 1o ¢u3uke onpenensoTes INIaHUpyeMbIe pe3yIbTaThl OCBOCHUS Kypca (pru3uKu
Ha ypPOBHE cpemHero oO0mmero oOpa3oBaHWs: JMYHOCTHBIC, METallpeIMETHbIC, NpeIMEeTHbIe (Ha
yriyonéHHoM ypoBHE). HaydHO-MeTom0JI0THYecKoi OCHOBOW il pa3palOTKHM TpeOOBaHUN K
JUYHOCTHBIM, METalpeAMETHBIM U TIPEJAMETHBIM pe3ylbTaTaM OOyJarolnuXcs, OCBOWBIIHX
nporpaMMmy no (¢uU3MKEe Ha YpPOBHE CpeAHero oOuiero oOpa3oBaHus Ha YriayOJIEHHOM YpOBHE,
SBJIICTCSI CUCTEMHO-JESITEIbHOCTHBIN MOAXO/,.

[Tporpamma 1o ¢u3MKe BKIFOYACT:

IUTAHUPYEMBbIE Pe3yJbTaThl OCBOCHUS Kypca (PU3MKM Ha yriyOlIEHHOM YpOBHE, B TOM YHUCIIE
IIPEIMETHBIE PE3YJIBTAThI IO TOAaM OOyUEeHHUS;

coJiepxkaHue yueOHoro npeamera «Pu3nkay 1o rogaM oOydeHuUs .

[Iporpamma mo Qu3uKe HMeEeT NPUMEpPHBIH XapakTep M MOXET ObITh MCIIOJIb30BaHa
YUUTENAMU (PU3UKU 17151 COCTABIICHUS CBOUX pabOuUX IPOrpaMM.

[Iporpamma 1o ¢u3nke He CKOBBIBAET TBOPUYECKYIO MHUIMATUBY YUUTENIEH U IPEIOCTABIAET
BO3MO’KHOCTH Ul peayIn3alliy Pa3IM4YHbIX METOIMUYECKUX MOAX00B K MPENoJaBaHni0 GU3UKU Ha
yri1yO6aEéHHOM ypOBHE NP YCIOBUH COXPaHEHHs 00s3aTeIbHOM YacTh CoOJepKaHUs Kypca.

dusnka Kak Hayka o HauOoJiee OOIMX 3aKOHAX MPHUPOJIbl, BBICTYNAs B KauyecTBE y4eOHOIro
IpeaMeTa B ILKOJIE, BHOCUT CYIIECTBEHHBI BKJIJ B CHCTEMY 3HAaHUH 00 OKpYKAIOLIEM MHpE.
[ IkoJbHBINA Kypc (PU3MKH — CUCTEMOOOPa3yIOLIHii /I €CTECTBEHHO-HAYYHBIX YUEOHBIX ITPEIMETOB,
MOCKOJIbKY (PM3UYECKUE 3aKOHBI JISKAT B OCHOBE IPOLIECCOB U SBJICHUM, M3y4aeMbIX XUMHEH,
ouosorueil, pusnueckoil reorpadueit u acrpoHomueil. Mcnonb3oBanne M akTUBHOE NPUMEHEHHUE
¢u3nYecKux 3HAHUM OIpenenuiIo xapakTep U OypHOE pa3BUTHE Pa3HOOOpA3HBIX TEXHOJOIMH B
cdepe FHepreTuku, TPaHCIOpTa, OCBOCHUS KOCMOCA, MOJydeHHsI HOBBIX MaT€pHaJIOB C 3aJJaHHBIMU
cBoiictBamu. M3yueHue GU3MKH BHOCUT OCHOBHOM BKJaJ B (JOPMHUPOBAHUE €CTECTBEHHO-HAyYHOU
KapTHHBI MHpa O0ydarouierocs, B GOpMUpPOBaHUE YMEHHMH NMPUMEHATh HayYHBIH METOJl MO3HAHUS
IIPU BBITMOJIHEHUH UMH Y4€OHBIX HCCIIe10BaHHH.

B ocHOBy kypca ¢u3uMKH Ha ypOBHE CpeHero oOmiero oOpa3oBaHUS IMOJIOKEH DPsJ UaeH,
KOTOPBI€ MOKHO pacCMaTpUBAaTh KaK MPUHIIMIIBI €r0 IOCTPOCHUS.

Hoea yenocmuocmu. B cOOTBETCTBUM C HEll KypcC SIBJISIETCS JIOTMYECKH 3aBEPUIEHHBIM, OH
COJICPKUT MaTepuall M3 BCEX DPa3/ieNoB (PU3MKH, BKIIOYAET KaK BOIPOCHI KJIACCHUYECKOW, Tak U
COBpEMEHHOM (PU3UKH.

Hoesa cenepanuzayuu. B cooTBeTCTBUM C HEW Marepuan Kypca (pu3uku oObeAUHEH BOKPYT
¢usnueckux Teopuii. Benymum B kypce sBisieTcst GOpMUpOBaHKUE MPEACTABICHUN O CTPYKTYPHBIX
YPOBHSIX MaTe€pUH, BELIECTBE U TOJIE.



Hoea zymanumapuzayuu. EE peanuszanus npeanosaraeT MCIO0JIb30BaHWE T'YMaHUTApHOTO
noTeHIana GU3NYECKON HAYKH, OCMBICIICHUE CBSI3M Pa3BUTUSA (PU3UKU C Pa3BUTHEM OOIIECTBA, a
TaKkKe C MUPOBO33PEHUYECKUMHU, HPABCTBEHHBIMHU M HKOJIOTUYECKUMH MPOOIEMaMH.

Hoesn npuknaouoii nanpagnennocmu. Kypc pusuku yriayOI€HHOTO YPOBHS MpEoiaraet
3HAaKOMCTBO C IIMPOKAM KPYrOM TEXHHYECKHMX M TEXHOJIOTUYECKUX NPUIOKECHUH H3Y4EHHBIX
Teopuil M 3akoHOB. llpm 3TOM paccmMaTpuBarOTCs Ha YpPOBHE OOMUX MPEACTABICHUA U
COBPEMEHHBIE TEXHHUECKHE YCTPOUCTBA, U TEXHOJIOTHH.

Hoea 3xonocusayuu peanusyercsi IOCPEACTBOM BBEJIEHUS JJIEMEHTOB COJEpKaHuS,
MOCBSIMIEHHBIX SKOJOTHUYECKHM Tpo0ieMaM COBPEMEHHOCTH, KOTOPBIE CBS3aHBI C PAa3BUTHEM
TEXHUKU U TEXHOJIOTHH, a TakKe 00CYXKAECHUS MpOoOJieM PalMOHAIBHOTO NMPUPOAOTIOIH30BAHUS U
9KOJIOTMYECKOM 0€30I1aCHOCTH.

OcBoeHune conep:kaHusi MPOTpamMMbl N0 (PU3HKE TOJHKHO OBITh TMOCTPOCHO HA MPHUHIIMIAX
CHCTEMHO-AEATEIBHOCTHOTO Toaxona. s ¢u3nuku peanusanus STHUX MPHHIUIOB O0a3upyeTcs Ha
WCTIOJIb30BAHUU CaMOCTOSITETIHHOTO OKCIEPUMEHTa KaK TOCTOSHHO JeWCTBYromero Qakropa
yueOHoro nporecca. s yrinyOa€éHHOro ypoBHS — 3TO CHUCTEMa CaMOCTOSITEIbHOTO YUEHUYECKOTO
OKCTIEPUMEHTa, BKJIIOYAIOMIETO (PpOHTANBHBIE YYEHWYECKHE OTBITHl TPU HW3YYEHHH HOBOTO
Marepuaina, j1adopaTopHbele pabOTel U paboOThl mpakTukyMa. [Ipm 3TOM BO3MOXKHBI /Ba croco0a
peanu3anu (pU3MUECKOTO MPAaKTHKyMa. B mepBoM citydae MpakTHKYM MPOBOJAUTCS JTMOO B KOHIIE
10 u 11 xmaccoB, 10O MOCye MEPBOTO U BTOPOTO MOJIYTOJIUNA B KaXKJIOM M3 dTUX KJIaccoB. Bropoit
cmoco0 — 3TO HWHTerpamus paboT MpaKTHKymMa B CHUCTEMY JaOOpaTOpPHBIX pPabOT, KOTOPHIE
MPOBOJATCS B TIpoliecce u3ydeHust paszzaena (temsl). Ilpu stom mon paboTamu mpakTHKyma
MMOHUMAETCS CaMOCTOSITENIbHOE HCCIIeI0BaHNe, KOTOPOE MPOBOIUTCS 10 PYKOBOJCTBY CBEPHYTOTO,
00001EHHOTO BHJIa €3 MOIIaroBOM MHCTPYKIUH.

B mporpamme mo ¢usnke cucremMa y4deHHYECKOTO JKCIEpPUMEHTa, JJabopaTopHBIX padoT U
MpaKTUKyMa MpeJCTaBlIeHa eIUHBIM IepeyHeM. BbiOop TeMaTHKu Al 3TUX BHJIOB YUEHHYECKUX
MPAKTUYECKUX PA0OT OCYIIECTBISIETCS YYaCTHUKaMH OOpa30BaTEIbHOrO Mpoliecca HCXOAS U3
0COOEHHOCTEH TMOYpPOYHOTO TUIAHMPOBAHUS W OCHAmeHus KaOwHeta Gusuku. Ilpu sToM
obOecrieunBaeTcs OBJaJeHUE OOYYalOIMIMMUCS YMEHUSMU HPOBOAUTH MpsIMble U KOCBEHHBIE
W3MEpeHus, HCCIEAOBAaHUS 3aBUCHUMOCTEH (U3NYECKMX BEIMYMH U IOCTAHOBKY OIBITOB I10
MIPOBEPKE MPEIOKEHHBIX TUIIOTE3.

Bonbiioe BHUMaHue yaenseTcs peueH!I0 pacuéTHRIX U KaueCTBEHHBIX 3a1ad. [lpu stom ams
pacuéTHBIX 3aJa4 MPUOPUTETOM SBISIOTCS 3aJaud C SIBHO 3aJaHHOW W HEABHO 3a/laHHOM
(bu3nyecKoil MOJIeNbl0, O3BOJISAIONINE TPUMEHSTh U3YYeHHbBIE 3aKOHBI U 3aKOHOMEPHOCTH KaK U3
OJIHOTO pa3zjena Kypca, TaK M HMHTErpuUpys MpPUMEHEHHE 3HaHWW W3 pasHbIX paszaenoB. Jlis
KAaueCTBEHHBIX 33/1a4 MPUOPUTETOM SBIISIOTCA 3aJlaHUSI Ha 00bACHEHUE/TIpe/ICKa3aHie MPOTEKAHUS
(bu3nuecKux SIBICHUNW W TPOIECCOB B OKPYXKAIOIIEH XU3HHU, TpeOyrolue BeiOOpa (u3nueckoit
MOJENH JIJIsl CUTYallMH MPAKTUKO-OPUEHTUPOBAHHOTO XapaKTepa.

B cootBerctBuu ¢ TpeboBanusamu @I'OC COO k maTtepuanbHO-TEXHUYECKOMY 00€CIEeUeHUIO
yuyebHOro mporecca Kypc GU3MKH yriayOIEHHOTO YpOBHS Ha YpPOBHE CpEIHEro oOIIero
0o0pa3oBaHus J0JDKEH M3ydaThCs B YCIOBHSIX MpeIMETHOro kabuHera. B kabunere (pM3UKU AOKHO
ObITh HEOOX0IMMOE J1a0opaTOpHOE O00OPYIOBaHHUE JJISi BBHIIIOJHEHUS YKA3aHHBIX B MPOTpamMMe 0
(¢u3MKe YYEHUYECKUX OIBITOB, Ja0OpaTOpHBIX paboT W pabOT TMpakTUKymMa, a TakkKe
J€MOHCTpAIMOHHOE 000PyI0BaHHE.

JleMoHCTpalMoHHOe  00opynoBaHMe (OPMHUpPYETCS B COOTBETCTBHUM C  IPUHIMIIOM
MUHUMAJbHONH JOCTATOYHOCTH W OOECHeurBaeT MOCTAHOBKY MEPEYHCICHHBIX B MporpamMMme IO
(¢u3MKe KIIOYEBbIX JEMOHCTpAllMid M MCCIENOBAaHUSA H3y4aeMbIX SIBJICHHNW U TPOIIECCOB,
SMIUPUUYECKUX U (DYHIaMEHTANbHBIX 3aKOHOB, UX TEXHUYECKUX TPUMEHEHHI.

JIaGopaTtopHoe 000pyIOBaHUE Il YIEHUUYECKUX MPAKTUYECKUX paboT popMUpYyeTCs B BUEC
TEMaTHYECKUX KOMIUJIEKTOB M OOecreynuBaeTcss B pacuéTe OJHOTO KOMIUIEKTa Ha JBYX
oOyyaromuxcs. TemaTuyeckue KOMIUIEKTBI J1abOpaTOpHOTO O0OPYAOBAaHUS JOJDKHBI  OBITh
MOCTPOCHBI HAa KOMIUJIEKCHOM HCIOJB30BAaHUU aHAJIOTOBBIX M IUGPOBBIX MPHOOPOB, a TaKKe



KOMITBIOTEPHBIX H3MEPUTEIBHBIX CUCTEM B BUJE MU(PPOBBIX TAO0OpATOPHIl.

OCHOBHBIMU TIETISIMH U3Yy4eHHSI (PU3UKH B 00111eM 00pa30BaHUM SIBIISIOTCS:
(dbopmMupoBaHHE HHTEpECAa M CTPEMJICHUS OOYUYAIOMIMXCS K HAyYHOMY H3YUEHHIO IMPHPOJIBL,
pa3BUTHE UX UHTEIUIEKTYaJIbHBIX U TBOPUECKUX CIIOCOOHOCTEIH;
pa3BUTHE  TPEACTABICHUH O  HAYYHOM  METOJEe TO3HaHUS W (OpMHUpOBaHHE
HCCIIEIOBATENILCKOIO OTHOIIEHMSI K OKPYKAIOIIUM SIBJICHUSIM;
(bopMupoBaHHE HAYYHOTO MUPOBO33PEHHSI KaK pe3ybTaTa U3yueHHsI OCHOB CTPOCHUS MAaTEPHH
1 GyHIaMEHTAIbHBIX 3aKOHOB (PHU3HKH;
dbopmMupoBaHHe YMEHUH OOBSCHATH SBICHUS C HWCIOJBb30BaHWEM (U3UYECKUX 3HAHUN U
HAyYHBIX JI0Ka3aTEeIbCTB;
(dbopMupoBaHHE TPEACTABICHUN O pOJIM (HU3UKHU IS Pa3BUTHS JPYTrHX €CTECTBEHHBIX HAYK,
TEXHUKHU W TEXHOJIOTHI;
pa3BUTHE MPEACTABIECHUN O BO3MOXKHBIX cepax Oynyiel npopecCHOHaIbHON 1eATENbHOCTH,
CBSI3aHHBIX C (PU3UKOH, IOJrOTOBKA K JalbHEHIIIEMY 00yYEeHHUIO B 3TOM HaIPaBJICHUH.
JlocTikeHre ATUX Lesed o0ecreduBaeTcsl pElICHHEM CIEAYIOIUX 3a7ad B IIpoLecce

M3y4YeHUs Kypca (U3HKU Ha YPOBHE CPETHETO 0OIIero 00pa3oBaHus:

MpHOOpeTeHne CUCTEMBI 3HAaHUM 00 00X (PU3NUECKUX 3aKOHOMEPHOCTSX, 3aKOHAX, TEO PUSIX,
BKJIIOYAsi MEXaHUKY, MOJEKYJISIpPHYIO (U3HKY, SJIEKTPOJAWHAMUKY, KBAaHTOBYIO (U3HUKY U
AJIEMEHTHI acTPO(PU3UKY;
(hopMHpOBaHHE YMEHHI MPUMEHSTh TEOPETUUYECKUE 3HAHHS I OOBACHEHUS (PU3NYECKUX
SBJICHUH B MPUPOJIE U JUISI IPUHATHS MPAKTUYECKUX PEIIEHUH B IOBCEIHEBHOM KU3HU;
OCBOEHHE CMOCOO0B pELICHUS Pa3IWYHbIX 3aJad C SBHO 3aJaHHOW (M3MYECKON MOJEeNblo,
3a/a4, MOAPa3yMEBAIOIINX CaMOCTOATEIbHOE CcO3/JaHue (U3MUEeCKONM MOJIeNnH, aJeKBaTHOU
yCIOBUSIM 33J]aui, B TOM YHCJIE 3a]]a4 HHXEHEPHOT'0 XapaKTepa;
MOHMMaHHe (U3MUYECKUX OCHOB U TMPHUHILMIIOB JACUCTBUS TEXHUYECKUX YCTPOWCTB U
TEXHOJIOTMYECKUX MPOIECCOB, UX BIUSHUS Ha OKPYKAIOIIYIO CPENy;
OBJIAJICHUE METOJaMU CaMOCTOSITEIbHOTO IIJIAHUPOBAaHUS M MPOBEICHUS (PU3NUYECKUX
SKCIEPUMEHTOB, aHall3a W HWHTEepHIpeTauuud WHPOpMALUMH, OMpPENENIeHUs IOCTOBEPHOCTH
MIOJIyY€HHOTO PEe3yJIbTaTa;
CO3JaHHME YCJIOBHM JUIsl pa3BUTHUA YMEHUH MPOEKTHO-HCCIEAOBATEIbCKOM, TBOPUYECKOM
NesITeNIbHOCTH;
pa3BuTHE HHTEpeca K chepaM npodeccnoHalbHOM NesITeIbHOCTH, CBSI3aHHOU C (PU3UKOH.

B cootBerctBum ¢ tpedoBanusmu GI'OC COO yrinyOnéHHBIH YPOBEHb M3YUYCHHSI y4€OHOTO

npeamera «Du3nka» Ha ypoBHE cpeaHero ooOmiero oOpa3oBaHMs BBIOMpPAETCS OOydYarONIMMMUCH,
IUTAHUPYIOIIMMHU  MPOJIOJDKEHUE 00pa30BaHUsl IO  CIHEIHATIBHOCTSIM  (DPU3UKO-TEXHHUECKOTO
npous.

Ha uzyuenue ¢usuku B 10 kmacce (yriyOn€HHBIM ypoBEHB) Ha ypOBHE CpPEAHETO OOIEro

oOpazoBanus otBoautcs 170 gacoB (5 4acoB B HEZEIO).

[Ipennaraemsiii B mporpamMmMe 1o ¢Gu3uke NepedeHb J1abopaTOPHBIX M MPAKTHUUECKUX padoT

SABJISICTCS pCKOMCHAOBAHHBIM, YUUTCIIb ACIIACT BBI60p IIPOBCACHUS J'Ia60paTOprIX pa60T U OIIBITOB
C y‘{éTOM HHIANBUYAJIbHBIX 0coOeHHOCTEH 06yqa}0mnxcsl.



IINIAHUPYEMBIE PE3YJIbTATBI OCBOEHUSA ITPOI'PAMMBI 110 ®U3UKE HA
YPOBHE CPEJHEI'O OBILIIEI'O OBPA30OBAHMUSA

JINMYHOCTHBIE PE3YJIbTATBI

JIn4HOCTHBIE pe3yJbTaThbl OCBOCHUS Yy4eOHOro mpeamera «DHU3MKa» TOJHKHBI OTPaXaTh
TOTOBHOCTh M CIIOCOOHOCTh OOYYaIOUIMXCS PYKOBOACTBOBATHCS C(HOPMUPOBAHHON BHYTpEHHEH
MO3ULMEN JINYHOCTH, CUCTEMOM IIEHHOCTHBIX OPUEHTALUN, NO3UTUBHBIX BHYTPEHHUX YOEXKJIEHUH,
COOTBETCTBYIOIIUX TPAIUIIMOHHBIM IIEHHOCTSIM POCCHIICKOTO OOIIEeCTBa, PACIIMPEHHUE KU3HEHHOTO
OTIBITA U OIBITA JICATEILHOCTH B TMPOLIECCE pean3alliii OCHOBHBIX HAIPABICHUN BOCIUTATEIBHON
NEeATETBHOCTH, B TOM YHCIIC B YACTH:
rPakAaHCKOr0 BOCIIUTAHMSA:
C(OPMHUPOBAHHOCTh TPAXKIAHCKOW IMO3UIMHM OOYYAIOMIErocs KaK aKTHBHOTO W OTBETCTBEHHOTO
YjieHa POCCUICKOTO OOIIECTBa;
MPUHATHE TPATUIIHOHHBIX 00IIEYENIOBEUECKIX TYMAHUCTHIECKUX U IEMOKPATHIECKUX [IEHHOCTEH;
TOTOBHOCTh BECTH COBMECTHYIO JIESTEIHHOCTh B HHTEPECaxX IPakJaHCKOT'O OOIIECTBA, y4aCTBOBATh
B CaMOYIPaBJICHUH B 00pa30BaTEIbHON OpraHU3aIiH;
YMEHHE B3aUMOJICHCTBOBATh C COIMAJIHHBIMH WHCTUTYTAMH B COOTBETCTBHHU C MX (QYHKIUSAMH U
Ha3HAYCHHUEM;
TOTOBHOCTh K T'YMAHUTApPHOW U BOJIOHTEPCKON JIEATEIBbHOCTH.
NAaTPHOTHYECKOT0 BOCIIUTAHUS:
c(OpPMUPOBAHHOCTH POCCUMCKON I'PaXIaHCKON HIEHTUYHOCTH, MaTPHOTU3MA;
[IEHHOCTHOE OTHOIIEHHE K TOCYJapCTBEHHBIM CHMBOJIAM, JIOCTHIKEHHUSM POCCHHCKHX YYEHBIX B
o6sacTu (HU3UKHA U TEXHHKE.
AYXOBHO-HPABCTBEHHOI0 BOCIIUTAHMSA:
C(OPMHPOBAHHOCTb HPABCTBEHHOTO CO3HAHMSI, STUYECKOTO TIOBECHNUS;
CIOCOOHOCTh OIICHMBATh CHUTYallUI0O M NPUHUMATh OCO3HAHHBIE PELICHHs, OPUEHTHPYACh Ha
MOPaIbHO-HPABCTBEHHBIE HOPMBI U IIEHHOCTHU, B TOM YHCJIE B JESITEIBHOCTH YUEHOTO;
0CO3HaHME JIMYHOTO BKJIaJa B IOCTPOEHHE YCTOMUUBOTO OYAyILETrO.
3CTETHYECKOr0 BOCIINTAHUS:
JCTETUYECKOE OTHOIIEHHE K MHpY, BKJIIOYas SCTETUKY HAy4HOIO TBOPYECTBA, IPUCYILETO
(hu3UYeCcKOil HayKe.
TPYAOBOI'0 BOCIIMTAHMA:
MHTEpEC K pPa3IuyHbIM cdepam NpopecCHOHATBHON IeSTENbHOCTH, B TOM 4YHCJE CBSI3aHHBIM C
¢bU3UKOW W TEXHUKOW, YMEHHE COBEpIIaTh OCO3HAHHBIM BBIOOp Oyaymied npodeccuu wu
peann30BbIBaTh COOCTBEHHBIC )KU3HEHHBIE MJIaHbI;
TOTOBHOCTh M CHOCOOHOCTH K OOpa30BaHMIO M CaMOOOpa30BaHHIO B oOiacTd (UMK Ha
IPOTSHKEHUU BCEH JKU3HU.
IKO0JI0THYEeCKOr0 BOCIINTAHUS:
C(OPMHUPOBAHHOCTh  HKOJOTMUECKOM  KyJIbTYpbl, = OCO3HaHME  TIJOOAJbHOIO  XapakTepa
9KOJIOTUYECKUX MTPOOIIeM;
IUTAHUPOBAaHUE M OCYIIECTBJIEHUE NEMCTBUN B OKpyXKarolled cpele Ha OCHOBE 3HAHMA Lielel
YCTOMYUBOTO Pa3BUTHS YEJIOBEUYECTBA;
paciIupeHue OIbITa JEsTeIbHOCTH 3KOJOTMYECKOW HampaBJICHHOCTH Ha OCHOBE HMEIOIIUXCSA
3HaHUH 10 QU3MKe.
LHEHHOCTH HAYYHOI'0 MO3HAHMS
Cc(OPMHUPOBAHHOCTh MHPOBO33PEHUS, COOTBETCTBYIOILETO COBPEMEHHOMY YPOBHIO Ppa3BUTHUS
¢u3nveckoil HayKu;
OCO3HAHME IICHHOCTH HAayYyHOW JEATeNbHOCTH, TOTOBHOCTh B TIIpoliecce H3ydeHHs (DU3NKH
OCYIIECTBISATH MPOEKTHYIO U UCCIIEI0BATEIBCKYIO AEATEIbHOCTh HHANBUIYAILHO U B TPYIIIIE.

METAINIPEIMETHBIE PE3YJIbTATHI



Ilo3naBaTebHBbIE YHHBEpPCAJbHbIE Y4eOHbIE e CTBUS

ba3oBble joruyeckue aAecTBUs:

CaMOCTOSITEIBHO (POPMYITHPOBATH U AKTYATM3UPOBATH IPOOJIEMY, pacCMaTpPUBaTh €€ BCECTOPOHHE;
OTIPENIEIATh LU JACITeIbHOCTH, 33J]aBaTh MMapaMeTPbl U KPUTEPUU UX JOCTHKCHHUS;

BBISBJISITH 3aKOHOMEPHOCTHU U MMPOTUBOPEUHS B PAaCCMATPUBAEMBIX (DU3NUYECKUX SIBJICHUSX;
pa3pabaTeiBaTh IUIAH DPEMICHUS MPOOJIEMBI ¢ y4ETOM aHajau3a HMMEIOIIMXCS MaTepUaIbHBIX U
HEMaTepHUaJbHbBIX PECYPCOB;

BHOCUTHh KOPPEKTHUBHI B JIEATEILHOCTh, OLICHUBATh COOTBETCTBUE PE3YyJIbTATOB IIEJISIM, OLICHHUBAThH
PHUCKH MOCTEACTBUMN JIEATEIBHOCTH,

KOODJAMHUPOBATh ¥  BBHINOJHATH PpabOTy B  YCIOBUSX PEAIbHOTO, BUPTYAJbHOTO W
KOMOMHHPOBAHHOTO B3aUMO/ICUCTBUS;

Pa3BUBATh KPEATUBHOE MBIIIUICHHUE MPU PEIICHUH KU3HEHHBIX TTPOOIIEM.

Ba3oBble ncciienoBareibCKue AeiCTBUA:

BJIQJIETh HAYYHOU TEPMHUHOJIOTHEH, KIIFOUEBBIMH MOHITUSIMHU U METOJIaMU (PU3NYECKON HAYKH;
BJIQJIETh HAaBBIKAMH Y4€OHO-HCCIIEI0BATEIILCKON U MPOEKTHOM NIEATETHHOCTH B 00JacTH (PU3UKH,
CIOCOOHOCTBIO W TOTOBHOCTBIO K CaMOCTOSITETbHOMY TIOMCKY METOJIOB pelIeHUs 3aaad
(DMBUYECKOTO COACpPKAHUS, TPUMEHEHHUIO PAa3JIMUYHBIX METOJIOB TIO3HAHUS;

BIIQJIETh BHUJAMHU JICATCIHOCTH TI0 TIOJYYCHHIO HOBOTO 3HAHUS, €ro WHTEPIpETaIlnH,
peoOpa3oBaHUIO0 U MPUMEHEHHIO B PA3JIMYHBIX YYEOHBIX CHUTYallUsX, B TOM YWCJIE TIPU CO3JIaHUU
y4€OHBIX MPOEKTOB B 001aCTH (PU3HKH;

BBISBJISITh TTPUIMHHO-CIICJICTBEHHBIE CBSI3M W aKTYaJIM3UpOBATh 3a7ady, BBIJIBUTAaTh THIOTE3Yy €€
perieHus, HaXOAUTh apTYMEHTHI JIJIsl JOKa3aTeIhCTBA CBOUX YTBEP)KICHUH, 3aaBaTh MapaMeTpsl U
KPUTEPUU PELICHHUS;

AQHAJIM3HUPOBATh IOJIYYCHHBIE B XOJI€ PELICHUs 3aa4d pPe3yJbTaTbl, KPUTHUYECKH OLICHUBATh HX
JIOCTOBEPHOCTh, TPOrHO3UPOBATh U3MEHEHHE B HOBBIX YCIOBUSX;

CTaBUTh U (POPMYIHPOBATH COOCTBEHHBIE 33J]aul B 00pa30BaTEIbHOMN AEATEILHOCTH, B TOM YHCIIE
MIPU U3YYCHUH (PUBHKH;

JaBaTh OLIEHKY HOBBIM CUTYallUsIM, OLIEHUBATh MPUOOPETEHHBIN OIBIT;

YMETb MEPEHOCUTD 3HAHUA MO (PU3UKE B MPAKTHUUECKYIO 00JIaCTh KU3HEIEATEIIbHOCTH;

YMETbh MHTETPUPOBATH 3HAHUSI U3 PA3HbIX MIPEIMETHBIX 00JIacTeil;

BBIJIBUTaTh HOBBIE UJIEU, IIPEJIaraTh OPUrHHAIBHBIE TOAXOAbl U PELICHMUS;

CTaBUTH MPOOJIEMBI U 3a]]a4H, JOMYCKAIOIINE aTbTepPHATUBHBIC PEILICHUSI.

Pa6ora ¢ undopmanmeii:

BIIQJIETh HaBbIKAMU MOJYy4YeHUS HHPOpMaMK (PU3MUYECKOTO COJCpKaHUS M3 MCTOYHHUKOB Pa3HBIX
TUIIOB, CaMOCTOSITEIBHO OCYHIECTBJIATh IOUCK, aHAJIU3, CUCTEMATU3AlMI0 W HWHTEPHPETALUI0
nH(MOPMAaLIUU PA3IUYHBIX BUIOB U GOPM IPEICTABICHUS;

OIICHUBATh JJOCTOBEPHOCTHh HH(OpMALIHH;

WCIOJIb30BaTh CpeJCcTBa WH(OPMALMOHHBIX W KOMMYHHUKAIIMOHHBIX TEXHOJIOTHH B peIIeHUU
KOTHUTHBHBIX, KOMMYHUKATHBHBIX W OPraHM3allMOHHBIX 3a7ad C COONOJeHHEM TpeboBaHUMI
SPrOHOMHUKH, TEXHUKU OE30MaCHOCTH, TUTHEHBI, PECypCcOCOEpPEKEHMs, MPABOBBIX M ATHYECKHUX
HOPM, HOPM MH(POPMAIIOHHOM 6€30MacHOCTH;

co37aBaTh TEKCThl (PU3MUYECKOTO COJACPKAHUS B Pa3NUYHbIX (opMarax C yu€TOM Ha3HAYCHUS
uHopMallUd W IIENIeBOM ayAUTOpHUM, BbIOMpas ONTUMANbHYI0 GOpMY TpEACTaBICHUS U
BHU3yaJIM3alUH.

KoMMyHHKaTHUBHBIC YHUBEPCAJIbHbIEC yUeOHbIE 1eiCTBUS:

OCYILIECTBIATH OOIIEHHE Ha ypoKaX (PU3HKHU ¥ BO BHEYPOUHOU EATEIHHOCTH;

pacmno3HaBaTh MPEANOCHUTKA KOH(MIMKTHBIX CUTYAIlHi U CMSATYaTh KOH(QIUKTHL;

Pa3BEPHYTO M JIOTUYHO U3JIaraTh CBOIO TOUKY 3PEHHUSI C UCTIOJIb30BAHUEM SI3bIKOBBIX CPEJICTB;
MMOHUMATh U UCTIOJIB30BATh MPEUMYIIECTBA KOMAHIHON U HHANBUAYAILHOU PabOTHL;

BBHIOMpATh TEMAaTUKy M METOJbl COBMECTHBIX JEHCTBUH ¢ Y4€TOM OOIIMX WHTEPECOB U
BO3MOKHOCTEN Ka)KJIOTO WIE€HA KOJUIEKTUBA;



IIPUHUMATD 1I€JI1 COBMECTHOMN JI€ATENbHOCTH, OPIraHU30BbIBATh U KOOPAUHUPOBATH JECUCTBUSA 110 €€
JOCTHKCHMIO: COCTaBJIATH IUIAH JCMCTBUM, pacupelesATh POJIA C y4ETOM MHEHMM Yy4aCTHUKOB,
00CyX/1aTh pe3yabTaThl COBMECTHOM paboOTHI;

OILICHMBATh KAayeCTBO CBOETr0 BKJIaJa M Ka)XJOTO YYaCTHHKAa KOMaHJbl B OOMIMHA pe3yiabTar Io
pa3paboTaHHBIM KPUTEPHUSIM;

npeniaraTb HOBBIE IPOEKTHI, OLEHMBAaTh MJEU C MO3ULUUM HOBU3HBI, OPUTMHAIBHOCTH,
MPAKTUYECKON 3HAYNMOCTH;

OCYILECTBJISATh IO3UTUBHOE CTPATEIMYECKOE IMOBEJCHHE B pPa3IMYHBIX CUTYyalUsX, IPOSBIATH
TBOPYECTBO M BOOOPAKEHHE, OBITh MHUITHATUBHBIM.

PeryasitTuBHble YHMBepcaJIbHbIe yUeOHbIe AelicTBUS

Camoopranu3anusi:

CaMOCTOSITENIBHO OCYILECTBIISTh IO3HABATENbHYIO JESTEIbHOCTh B 00J1aCTH (PU3UKU U aCTPOHOMMUH,
BBISIBJISITH IPOOJIEMBI, CTABUTH U (YOPMYJIUPOBATh COOCTBEHHBIE 3a/1a4H;

CaMOCTOSITEJIbHO COCTABJIATh IUIaH PEIIEHUs] PACUETHBIX U KaYECTBEHHBIX 3a/1a4, TUIaH BHIIIOJHEHUS
MpaKTUYEeCKOH paboThl € Y4ETOM UMEIOUINXCS PECYpPCOB, COOCTBEHHBIX BO3MOKHOCTEH H
MPEITOYTEHHI;

JlaBaTh OLIEHKY HOBBIM CUTYAaIHsIM;

paciupsATh paMKH yueOHOTO MpeMETa Ha OCHOBE JIMYHBIX MTPEANOUYTEHUH;

JieNlaTh OCO3HAHHBIN BBIOOP, ApryMEHTUPOBATh €ro, OpaTh Ha ce0sl OTBETCTBEHHOCTD 3a PEIICHHUE;
OILICHUBATh MPHUOOPETEHHBIN OTIBIT;

crocoOcTBOBaTh (OPMUPOBAHUIO U TPOSBICHHUIO OSPYIUIMH B 00JAaCTH (PHU3UKU, MOCTOSIHHO
MOBBIIIATH CBOW 00pa30BaTEIbHBIN U KYJIbTYPHBIN YPOBEHb.

CaMOKOHTPOJIb, YMOLHMOHAJIbHBIH HHTEJVIEKT:

JaBaThb OLIEHKY HOBBIM CHUTyallUsM, BHOCHUTb KOPPEKTHBBI B JEATEIbHOCTb, OLIEHUBATh
COOTBETCTBUE PE3YJITATOB LICIISM;

BJIQ/IeTh HaBbIKAMU [I03HABATEIbHOM pe(IEKCHMM KaK OCO3HAHUS COBEPIIAEMBIX ACUCTBUI U
MBICJIUTENBHBIX TPOLIECCOB, UX PE3YJIBTaTOB U OCHOBAHMI;

UCIOJb30BaTh NPUEMBI pe(IeKCHN AJIS OLIEHKH CUTYallH, BEIOOpa BEPHOIO PELICHHUS;

YMETb OLIEHUBATh PUCKHU U CBOEBPEMEHHO IIPUHUMATh PELICHMS 110 UX CHUXKECHHUIO;

IIPUHUMATh MOTHUBBI U apIyMEHTBI IPYTHUX IIPU aHAJIA3€E PE3yJIbTaTOB ACATEIbHOCTH;

IIPUHUMAThH ce0s, IOHUMasi CBOM HEAOCTATKU U IOCTOMHCTBA;

IIPUHUMATh MOTHBBI U apIyMEHTBI IPYTHUX IIPU aHAJIA3€E PE3yJIbTaTOB ACATEIbHOCTH;

IIPU3HABATH CBOE MPABO U IPABO JPYrUX Ha OMIMOKH.

B npouecce nocTHKEHUS TMYHOCTHBIX PE3yJIbTaTOB OCBOEHUS IIPOrpaMMbl IO (GU3UKE Ui YPOBHS
cpeaHero oOiero o0pa3oBaHus y 00Yy4alOLUIMXCsl COBEPLUICHCTBYETCS SMOLIMOHAIbHBIA UHTEIUIEKT,
IpearnojararInuil chpopMUPOBAHHOCTb!

CaMOCO3HAHUS, BKJIIOYAIOIIEr0 CHOCOOHOCTh MOHUMAaTh CBOE HMOLMOHAIBHOE COCTOSHUE, BHJIETbH
HaNpaBJICHUs Pa3BUTUS COOCTBEHHON IMOIIMOHAIILHON C(epsl, ObITh YBEPEHHBIM B ce0e€;
CaMOpEryJIMpOBaHus, BKIIOYAIOIIEr0 CAMOKOHTPOJIb, YMEHHUE IPUHUMATh OTBETCTBEHHOCTb 34 CBOE
MOBEJICHHE, CIOCOOHOCTh alalTUPOBATHCS K SMOLMOHAIBHBIM U3MEHEHUSM U MIPOSBIISTH THOKOCTb,
OBbITb OTKPBITHIM HOBOMY;

BHYTPEHHEN MOTHBALlMH, BKIKOYAIOLIEH CTPEMIIEHHE K JOCTH)KEHUIO LENH U YCIEXY, ONTHMU3M,
VMHULMATUBHOCTb, YMEHUE JIECTBOBATH, HCXOI U3 CBOMX BO3MOKHOCTEN;

HMIIATUH, BKIIOYAIOLIEH COCOOHOCTh MOHMMATh YMOLIMOHAIBHOE COCTOSIHUE JPYrUX, YUYUTHIBAThH
€ro MpH OCYILECTBIEHUH OOIIEHHs], CHOCOOHOCTh K COUYBCTBUIO U CONEPEKHUBAHUIO;

COLIMAJIBHBIX HABBIKOB, BKJIIOYAIOIIUX CIIOCOOHOCTh BBICTPAWBATh OTHOLIEHUS C JPYTUMH JIO/IbMHU,
3a00TUTHCS, MIPOSBIIATH UHTEPEC U pa3peliaTh KOHPIUKTHI.

HNPEIMETHBIE PE3YJIBTATbBI

K koniy oOyuenuss B 10 knacce mnpenMeTHbIE pe3yibTaThl Ha YriIyOJIEHHOM YPOBHE JOJKHBI



oTpakaTh C(HOPMUPOBAHHOCTD y OOyUAIOIIUXCS YMEHUH:

MOHUMATh POJb (PU3UKH B HKOHOMHUYECKOW, TEXHOJIOTWYECKOH, ISKOJIOTHYECKOH, COLMAIBbHOW U
THYECKOU cepax NesTeTbHOCTH 4YeJIOBEKa, POJib U MecTO (PM3MKH B COBPEMEHHOW HAy4YHOUH
KapTHHE MHpa, 3HAUYCHHUE ONMCATENBHOW, CHUCTEMAaTH3UPYIOIIEH, OOBSCHUTEIbHON U
MPOTHOCTUYECKON (YHKIMH (PHU3HMUECKOW TEOPHH — MEXaHWKH, MOJICKYISPHOW (QHU3UKH W
TEPMOAMHAMHKH, POJIb (PU3MYECKOW Teopur B (HOPMHUPOBAHHM TPEACTABICHUN O (PHU3HMUECKOM
KapTHUHE MHpa;

pa3nuyath yYCIOBUSI TNPUMEHHMOCTH MoJeNeld (HU3MUECKUX Tel U TPOLECCOB (SIBJICHHM):
MHEepLMalbHas cucTeMa OTc4y€éra, alCOJMOTHO TBEPAOE TENO, MarepuajbHas  TOYKa,
PaBHOYCKOPEHHOE JIBIDKEHUE, CBOOOHOE TaJIeHNe, aOCOFOTHO ynpyras aeopmarusi, abCOIOTHO
yaopyroe U aOCONIOTHO HEYNpPYroe CTOJIKHOBEHHS, MOJENIN Ta3a, JKUIKOCTH U TBEPIOIO
(KpHCTaJUIMYECKOTO) TeJa, IealbHBIN ra3, TOUEUHBIH 3aps]l, 0JJHOPOTHOE MEKTPUUECKOE T0JIE;
paznuuaTh ycIOBHS (TpaHUIbl, OOJaCTH) NPUMEHUMOCTH (PU3UYECKUX 3aKOHOB, TOHUMATh
BCceoOIMi xapakTep (yHIaMEHTAIbHBIX 3aKOHOB M OTPaHHMYEHHOCTh MCIIOJIb30BAHMSI YaCTHBIX
3aKOHOB;

aHAJIM3UPOBaTh M OOBSCHATH MEXaHUYECKHE TMPOLECChl U SBJICHMS, WCIOJIb3YS OCHOBHBIE
MOJIOKEHUSI W 3aKOHbl MEXAaHMKH (OTHOCHUTEIBHOCTh MEXAaHUYECKOTO JBMXKEHUS, (OpMYIIbl
KMHEMAaTUKH paBHOYCKOPEHHOTO JBMKEHHUS, IpeoOpa3oBaHus [amunes sl CKOpOCTH U
nepeMeneHus, 3akoHbl HbIOTOHA, NPHUHLKI OTHOCUTENBHOCTH [amuies, 3aKOH BCEMHUPHOIO
TATOTEHUS, 3aKOHBI COXpPaHEHMs] UMIYJIbCa M MEXaHWYECKOW SHEpruu, CBA3b pabOThl CHIIBI C
W3MEHEHHEM MEXaHMYeCKOW OSHEepruu, YCJIOBHs paBHOBECHS TBEPAOro Teia), HpPU ITOM
UCIO0JIb30BaTh MaTeMaTHYeCKO€ BBIPAKEHHE 3aKOHOB, YKa3blBaTh YCIOBUS TNPUMEHHUMOCTH
(bu3nyecKkux 3aKOHOB: MpeoOpazoBanuil ["amunes, BTOporo u TpeTbero 3akoHoB HploToHa, 3aKOHOB
COXpaHEHUsl UMITYJIbCAa U MEXAaHMYECKOM 3HEPruM, 3aKOHAa BCEMUPHOTO TATOTECHMUS;

aHAJIM3UPOBATh U OOBSICHATH TEIJIOBBIE MPOILIECCHl U SIBJICHUS, MCHOJb3yd OCHOBHBIE IMOJIOKEHHS
MKT wu 3akoHBI MOJIEKYJISIpHON (DU3MKH W TEPMOJUHAMHUKHU (CBS3b JABJICHHS HICAIBHOTO raza co
CpeaHeld KUHETHYECKOW SHEprueld TEeIUIOBOrO ABMKEHUS W KOHUEHTPAIMEH €ro MOJIEKYJ, CBA3b
TEMIIEpaTypbl BEHIECTBA CO CPEIHEW KMHETUYECKOM SHEPIrHell TEIIOBOrO JIBMKEHMS €ro 4acTHL,
CBSA3b JIaBJICHHS WACAIBHOIO ra3a C KOHLEHTpaluued MOJIEKYNI M €ro TeMIEpAaTypoi, ypaBHEHUE
MenpeneeBa—Knanelipona, nepBblii 3aKOH TEPMOJMHAMUKH, 3aKOH COXPAaHEHUS DSHEPrUU B
TEIUIOBBIX MPOIECccax), MPH ATOM HCIOJIb30BaTh MaTEMAaTHUECKOE BbIPAKEHUE 3aKOHOB, YKa3bIBATh
YCJIOBHUSI TPUMEHUMOCTH ypaBHeHUsI MenaeneeBa—Knaneipona;

aHAJIM3UPOBATh U OOBSACHATH ANEKTPUUECKHUE SBICHUS, UCIIOIb3YsI OCHOBHBIE MOJIOKEHUS U 3aKOHBI
ANIEKTPOAMHAMUKH (3aKOH COXPAHEHHUS AJIEKTPUUYECKOTro 3apsija, 3akoH KynoHa, MOTeHIHMaIbHOCTh
ANEKTPOCTATUYECKOTO MOJIS, PUHLHUII CYNEPIO3ULIUN IEKTPUUYECKUX TOJIEH, IIPU 3TOM YyKa3bIBas
yCIIOBHSI MPUMEHUMOCTH 3aKkoHa KyloHa, a TakKe MPaKTHUYECKH Ba)KHBIE COOTHOILIECHHMS: 3aKOHBI
OMa s ydacTka Lenu M JUisl 3aMKHYTOM 3JIEKTpUYecKoM Lenu, 3akoH /[xoynsa—Jlenua, npaBuia
Kupxroda, 3axonsr @apajest 11 31eKTPOIu3a);

OTHCHIBATh (PM3MUYECKUE MPOLIECCHl U SIBICHUS, UCHOJb3Ysl BEIMUYUHBI: TEpeMEIIeHne, CKOPOCTh,
YCKOPEHHE, UMIYJIbC Te€la M CUCTEMbI TeJ, CWJIa, MOMEHT CHJbl, JaBJEHUE, NOTCHLHAJIbHAs
SHEprusi, KUHETUYEeCKasi SHEPrusi, MEXaHW4yecKas SHeprus, padboTa CUJbl, HEHTPOCTPEMUTEIHHOE
YCKOpPEHHE, CUja TSKECTH, CHJIA YIPYTOCTH, CHJIa TPEHUS, MOIIHOCTb, SHEPTUs B3aUMOJEHCTBUSA
Tena ¢ 3emuéil BOMM3M €€ MOBEPXHOCTH, PHEPrusl ynpyroi aedopmanuu MpyKUHbI, KOJUYECTBO
TEIUIOTHI, a0COJIIOTHAs TeMIepaTypa Tena, paboTa B TEPMOJMHAMUKE, BHYTPEHHSS HHEPrus
U7ealbHOr0 OJHOATOMHOIO Ta3a, paboTa MJealbHOrO Ia3a, OTHOCUTENIbHAs BJIAXKHOCTh BO3/1YyXa,
KIIJ] maeanbHOro TEIIOBOTO ABUIATENs; JIEKTPUUYECKOE IOJIE, HANPSIKEHHOCTH AIIEKTPHUYECKOIO
IOJIsI, HANpsDKEHHOCTh IOJII TOYEUHOIO 3apsiia WM 3apsyKeHHOro Iapa B BakyymMeé MU B
JTURJIEKTPUKE, TMTOTEHIMA 3JIEKTPOCTaTUYECKOTO TOJIs, pa3HOCTh MOTEHLINAJIOB, AJIEKTPOIBUKYIIAs
CWJIa, CWJIa TOKA, HAIIPSDKEHHWE, MOLTHOCTh TOKA, JIEKTpUYECKasi EMKOCTh IJIOCKOTO KOHJEHCAaTopa,
CONPOTHBIIEHUE Y4acTKa LIENH C MOCIEI0BATEIbHBIM U MapaluIeIbHbIM COCIMHEHUEM PE3HCTOPOB,
SHEPrus AIEKTPUUECKOIO MO0JIsI KOHAEHCATOPA;

OOBSICHATH OCOOEHHOCTH MPOTEKaHUs (PU3NYECKUX SIBICHUIN: MEXaHHMUECKOE JIBUIKEHHUE, TEIUIOBOE



JBIDKEHUE YaCTHUIl BEUIECTBA, TEIJIOBOE paBHOBecHE, OpOYHOBCKOE JBIDKEHHE, Tuddy3us,
UCIIApEHHE, KHUIIEHWE W KOHJEHCAllMs, IUIaBIEHME M KpHUCTAJUIM3AlMs, HalpaBICHHOCTh
TEIUIONEPENauy, MIEKTPU3ALUS  Tel, HSKBUIOTEHIMAIBHOCTh IOBEPXHOCTU  3apSHKEHHOIO
IIPOBOIHUKA;

MPOBOJIUTh HWCCIICIOBAaHUE 3aBUCUMOCTH OJHOW (PM3MYECKOW BEJIMYMHBI OT JPYrod ¢
WCTIOJIb30BAHUEM TMPSMBIX HM3MEpPEHHH, NMPH 3TOM KOHCTPYHUPOBATh YCTAaHOBKY, (PUKCHpOBATH
pe3ybTaThl TOJYYCHHON 3aBUCHUMOCTH (DM3MYECKHX BEIMYMH B BUAE TpaUKOB C YUETOM
aOCOJTIOTHBIX MOTPEITHOCTEH U3MEPEHHUH, JIENIaTh BHIBOJIBI IO PE3YJIbTaTaM HCCIICAOBaHUS;
MIPOBOJIUTh KOCBEHHBIC M3MEPEHHS (PH3MUYECKMX BEIUYMH, IPU ITOM BBIOMPATH ONTUMAIIbHBIN
METO/1 U3MEPEHUS, OLIEHUBATh a0COJIIOTHBIE U OTHOCUTEJIbHBIE IOTPEIIHOCTH MPSIMBIX U KOCBEHHBIX
U3MEPEHUN;

MIPOBOJUTH OMBITHI [0 MPOBEPKE MPEAJIOKEHHON IMIOTE3bl: TUIAHUPOBATh IKCIEPUMEHT, COOMpaTh
AKCHEPUMEHTAJIbHYIO YCTAaHOBKY, AaHAJIM3UPOBATH IOJYYEHHBIE pPE3yNbTaThbl U JEJaTh BHIBOJ O
CTaTyce NpeII0KEHHON THIOTE3bI;

coOnrofaTh mnpaBuia O€30MacHOTO TpyJda IMpH MPOBEAECHUU HUCCIEJOBAHMNM B pamMKax yd4eOHOTO
SKCIEPUMEHTa, MpPAaKTUKyMa U Yy4eOHO-UCCIIENOBATENIbCKOM M TPOEKTHOM JESITENBbHOCTH C
HCIO0JIb30BAHUEM U3MEPHUTENBHBIX YCTPONUCTB U JIaOOpaTOPHOro 000PyI0BaHUS;

pemary pacy€THble 3aJjaud C SIBHO 3a/JIaHHOM M HESBHO 3aJaHHON (PU3MYecKON MOJEeNblo: Ha
OCHOBAaHMHM aHaJM3a YCJIOBHS OOOCHOBBIBATH BBIOOp (U3MYECKOW MojenH, OTBeyaroueit
TpeOOBaHUAM 3aJaud, IPUMEHATh (GOPMYJIbl, 3aKOHBI, 3AKOHOMEPHOCTH U MOCTYJAThl (HU3MUECKUX
TEOpU TPU UCTHOJIb30BAaHUU MAaTEMaTHYECKMX METOJIOB pEIleHUs 3ajad, MPOBOIUTH pacd€Thl Ha
OCHOBAHUH UMEIOIIMXCS JaHHBIX, aHAJIM3UPOBATh PE3YIbTAThl M KOPPEKTUPOBATH METOIbI PEIICHUS
C Y4ETOM IOJIYYEHHBIX PE3YJIbTATOB;

pemaTh KaueCTBEHHbIE 3a7ayM, TpeOyrollue NPUMEHEHUs 3HaHUM M3 pa3HbIX DPa3/ieNoB Kypca
Gu3uKy, a TaKKe HMHTErpalMy 3HAHWW M3 JPYTHX MPEIMETOB €CTECTBEHHO-HAYYHOIO IMKIIA:
BBICTPAWBATh JIOTMYECKYIO LENOYKY PACCY)KIAEHUH C ONOpPOM Ha H3Y4YCHHBIE 3aKOHBI,
3aKOHOMEPHOCTH U (PU3UUECKUE SIBIICHMUS,;

UCIOJb30BaTh TEOPETUYECKHE 3HAHUSA Ui OOBSICHEHUS OCHOBHBIX IPHHLIUIOB pabOThI
M3MEPUTENBHBIX PUOOPOB, TEXHUYECKUX YCTPONUCTB M TEXHOJOTMYECKUX MPOLECCOB;

IPUBOJMUTE MPUMEPHI BKIIAJAa POCCUICKUX U 3apyOeKHBIX yYEHBIX-(DU3UKOB B Pa3BUTHE HAYKH, B
00BSICHEHHUE MTPOLIECCOB OKPYXKAIOLIET0 MUPA, B PA3BUTHE TEXHUKH U TEXHOJIOTHA;

aHAJIM3UPOBATh U OLIEHUBATh MOCIIEICTBUS OBITOBON M MPOU3BOJACTBEHHOMN AEATEIILHOCTH YEI0BEKa,
CBSI3aHHOW C  (PU3MYECKUMHM IpOLEeccCaMu, C HO3MLIMH  3KOJIOrMYecKOi 0e30IacHOCTH,
IIPEICTAaBICHUM O palNUOHAIBHOM IPUPOAOIOJIB30BAHNY, @ TAKXKE PAa3yMHOM HCIOJb30BaHUU
JOCTH)KEHUM HAyKU U TEXHOJIOTUH JJIs JalbHENIIEro pa3BUTHUS YEI0BEUYECKOTO OOLIECTBA;
IPUMEHATh pa3iMyHble CIOCOO0Bl PaboThl ¢ HHpOpManuell (U3NUECKOTro COAEpXKaHUS ¢
UCIOJb30BAHUEM COBPEMEHHBIX HWH()OPMALMOHHBIX TEXHOJOIMH, HpPHU 3TOM HCHOJIb30BATh
COBpEMEHHbIe HH(OPMALIMOHHbIE TEXHOJIOTUH JUIsl IOUCKA, TepepaboTKH U PebsBICHUS yueOHON
U Hay4yHO-NOMYJSpHON HHPOpPMAaLUKU, CTPYKTYpUPOBAaHUS W UHTEpHpeTaluu UHPOpMaLuy,
MIOJIy4EHHOH U3 Pa3JInYHbIX UCTOUYHUKOB, KPUTUYECKH aHAJIU3UPOBATh MOJy4yaeMylo MH(OpMALUIO
U OLICHMBATH €€ JIOCTOBEPHOCTh KAaK HAa OCHOBE MMEIOLIMXCS 3HAHUM, TaK M HAa OCHOBE aHAIU3a
MCTOYHMKA HH(POPMALINY;

NPOSBJIATh OPraHU3aLMOHHBIE M II03HABaTEJIbHbIE YMEHHS CaMOCTOSITENBHOTO MPUOOPETEHHS
HOBBIX 3HaHUI1 B ITpoIiecce BBIMOJHEHHS IPOSKTHBIX U yUeOHO-UCCIIeI0BATENLCKUX PAdOT;
paloTath B rpyIiie ¢ UCIOIHEHUEM PA3JIMYHBIX COLUAIBHBIX POJIeH, IUIaHUPOBaTh paboTy TPYIIIHI,
palMOHAIBHO PACHpPENENATh JEATEIBHOCTh B HECTAHNAPTHBIX CUTYalUsX, aJE€KBAaTHO OLICHUBATb
BKJIa/1 KaX/I0TO U3 YYACTHUKOB I'PYIIIBI B PELICHUE pacCMaTPUBAEMOM POOIEMBI;

NPOSIBJIATh MOTHUBALMIO K Oynymieil mpogeccuoHanmbHOM JEATETbHOCTH IO  CIEHUATIBHOCTAM
(UBUKO-TEXHUYECKOTO TIPODUIISL.

COJEP)KAHUE OBYYEHUA



Pasnen 1. HayuHblii MeTOX MO3HAHUS IPUPO/bI.

duszuka — QyHAaMeHTaJdbHas Hayka O mpupojae. HaydHelii MeToa MO3HAHUS U METOJIBI
UCCIIeIOBAHUS (PU3NUICCKUX SBIICHUH.

DKCIIEpUMEHT M TEOpHsl B Mpolecce MO3HaHWs MpHUposl. HabGnroneHue u SKCHEpUMEHT B
¢dusuke.

Crioco0bl m3MepeHus: (U3NYECKUX BEIWYHMH (aHAJIOrOBble M LU(GPOBBIE H3MEPUTEIHHBIC
pUOOPHI, KOMITBIOTEPHBIEC JATYUKOBBIE CHCTEMBI).

[TorpemnocT u3mMepeHuit Gpu3nYeCKUX BEIUUUH (a0COIIOTHASL U OTHOCUTEIIbHASA).

MonenupoBanue (U3NIECKUX SIBICHUH W TPOIECCOB (MaTrepuanbHas TOYKA, aOCOIIOTHO
TBEPIOE TEJNO, UAcaIbHAs KUIAKOCTb, UACAIbHBINA ra3, TOYeuHbl 3apsan). ['unoresa. Ousnueckuit
3aKOH, TPAHUIIBI €r0 IPUMEHUMOCTU. DU3ndecKast TEOpHsl.

Pors u mecro ¢usuku B (GOPMUPOBAHUM COBPEMEHHOM HAaydyHOW KapTHMHBI MHUpPA, B
MPaKTUYECKON JESITeTbHOCTH JIFO/IEH.

Yuenuueckuit sxcnepumenm, nabopamopnusie pabomuoi, npaxmuxKym.

N3mepenue cuiibl TOKa U HAMpPSKEHUsS! B LIETTH TOCTOSIHHOTO TOKA MPY MOMOIIM aHAJIOTOBBIX U
U (POBBIX U3MEPUTEIIHHBIX TPUOOPOB.

3HakoMcTBO ¢ U(ppoBoi jabopatopueit mo Qusuke. [Ipumepsl uzmepeHus QpunUecKux
BEJIMYMH IIPU MOMOIIY KOMITbIOTEPHBIX JATYHKOB.

Pa3nen 2. Mexanuka.

Tema 1. Kunemamuka.

Mexannyeckoe BUkeHue. OTHOCUTENLHOCTh MEXaHWYeCKOro BuKeHus. Cucrema oTcuéra.

[Ipsimas 1 oOpaTHas 3a7jaun MEXaHUKH.

Pannyc-Bektop MarepuanbHONM TOYKHM, €ro IPOEKUMHM HAa OCH CHUCTEMBl KOOPAMHAT.
Tpaektopusi.

[lepemenienue, CKOpocTh (CpeAHsisi CKOpPOCTb, MTHOBEHHasi CKOPOCTb) U YCKOpEHHE
MaTe€pUaIbHON TOYKH, MX NPOEKIMU Ha OCH CHCTEMbl KoopAauHaT. CIOKE€HHE NEpPEeMEIICHUN U
CJII0’KEHUE CKOPOCTEH.

PaBHOMEpHOE M pPaBHOYCKOPEHHOE MPSMOJUHEMHOE NBUKEHHE. 3aBUCUMOCTh KOOPJIMHAT,
CKOPOCTH, YCKOPEHUS U MMYTH MaTepUalIbHON TOYKU OT BPEMEHH U UX IPpauKH.

CBoOosiHOE majieHue. YCcKopeHue CBOOOAHOro majeHus. J[BrkeHue Tena, OpOIIEHHOTO MOJ
YIJIOM K FOPU30HTY. 3aBUCUMOCTb KOOPJMHAT, CKOPOCTH U YCKOPEHUS MAT€pUaIbHOM TOYKU OT
BPEMEHH U UX rpauKu.

KpuBonuneitHoe nwxeHue. [[BrkeHue MaTepHallbHON TOUYKH IO OKPYKHOCTH. YTJOBas U
nuHeitHas ckopocth. llepuon u uactora oOpamienus. lleHtpocTpemutensHoe (HOpMalbHOE),
KacaTelbHOE (TaHMeHIMAIBHOE) U TIOJTHOE YCKOPEHUE MaTepUAIbHON TOUYKH.

TexHnueckre ycTpoilcTBa U TEXHOJIOTMYECKUE MPOLIECCHl: CIMAOMETP, IBUKEHUE CHAPSIOB,
LENHBIe, [IecTepEHYaThIe U PEMEHHBIE MTepelaur, CKOPOCTHBIE JTHU(THI.

Hemoncmpauuu.

Mogenb cucteMbl OTCUETA, UIUTFOCTPALIMS KUHEMAaTUYECKUX XAPAKTEPUCTUK JIBUKEHUSI.

CrocoObl UCCIIEIOBAHUS IBUKCHUM.

Nnmroctpanys npeenbHoro nepexoja U U3MepeHue MTHOBEHHOW CKOPOCTH.

IIpeobpazoBaHue ABUKEHUH C HCIOIB30BAHUEM MEXaHU3MOB.

[Tanenue Ten B BO3AyXe U B Pa3peKEHHOM ITPOCTPAHCTBE.

HaGnronenue nBuxeHus Tena, OpoIIeHHOTO MO/ YII0M K TOPU30HTY U TOPU30HTAIIBHO.

HanpasiieHne cCkopocTH NpH IBWKEHUU 110 OKPYKHOCTH.

IIpeoOpa3oBaHue YriaoBOi CKOPOCTH B PEYKTOPE.

CpaBHeHue myTeil, TPAeKTOPHUM, CKOPOCTEH IBMXKEHMSI OJHOIO U TOTO XK€ Tella B Pa3HBIX
CHUCTEMAaxX OTCUETA.

Yuenuueckuit sxcnepumenm, nadopamopnuvie pabomul, npaKkmuxym.

N3ydyeHne HepaBHOMEPHOTO JBUKEHMS C LIENBIO ONIPEIEIIEHUS] MTHOBEHHOM CKOPOCTH.

W3mepenune yckopeHus Ipu NPSMOJMHEHHOM PaBHOYCKOPEHHOM JBMKEHMM IO HAKJIOHHOM



IIJIOCKOCTH.

HccnenoBanue 3aBUCUMOCTH ITyTH OT BPEMEHU IIPU PAaBHOYCKOPEHHOM JBH)KEHUU.

N3mepenune yckopeHus: cBOOOTHOTO MajcHHS (PEKOMEHJOBAHO HCIOJb30BaHUE HU(POBOU
naboparopun).

W3yuenue nBuxeHUs Tesa, OPOLIEHHOIO TOPHU30HTalbHO. IIpoBepka rumores3bl 0 MpsAMOi
MIPOMOPLIMOHAIIBHOM 3aBUCUMOCTH MEX]y JAJIbHOCTBIO MOJETA U HAYAJIbHOM CKOPOCTBIO Tea.

N3yuenue nBuKeHMs TeJa 110 OKPYKHOCTH C IIOCTOSIHHOM 10 MOJYJIIO CKOPOCTHIO.

WccnenoBanue 3aBUCUMOCTH Iepuofa oOOpalleHUs KOHHUYECKOrO0 MAasiTHUKAa OT €ro
IapameTpoB.

Tema 2. lunamuxa.

IlepBbiii 3akoH HproroHa. MHepumanbHble cucTeMbl OTCYETA. [IpMHIMIT OTHOCUTENIBHOCTH
lNanunes. HennepuuaneHble cucTeMbl OTCUETA (OTpeAeTICHUE, IPUMEDDI).

Macca tena. Cuina. [IpyuHIun cynepno3unyu cui.

Bropoit 3akoH HbroTOHa 1711 MaTepuaibHONW TOUKH.

Tpernit 3akoH HproTOHA 1711 MaTEpUAIBHBIX TOYEK.

3aKOH BCEMHPHOTO TATOTEHUS. DKBUBAJIEHTHOCTh I'PAaBUTALIMOHHON M MHEPTHOW MAaCCHhI.

Cuna TsKecTH. 3aBUCUMOCTb YCKOPEHHS CBOOOJHOTO TAaJAE€HHUS OT BBICOTHI HaJ
MOBEPXHOCTHIO IUIAHEThl U OT reorpapuyeckod MHUPOTHL. JIBIKeHHE HEOECHbIX Tel M HX
cnyTHHUKOB. 3akoHbl Kemuepa. [lepBasg kocMudeckast CKOPOCTb.

Cuna ynpyroctu. 3akoH ['yka. Bec tena. Bec tena, IBHKyerocs ¢ yCKOpEHHEM.

Cuna tpenus. Cyxoe Ttpenue. Cumia TpEeHHS CKOJBXKEHHS W CHJIA TPEHHS TOKOS.
Kosddunuent tpenus. Cuna cOnmpoTUBIEHMS NPH JABMKEHHUU Tella B KUAKOCTH WM rase, eé
3aBUCHUMOCTb OT CKOPOCTH OTHOCUTEIBHOTO ABMXKEHUS.

Hasnenue. ['mapocrarndeckoe gapienue. Cuia Apxumena.

TexHudyeckne ycTpoWCTBA M TEXHOJOTMYECKHE IIPOLECCHI: IOAIIUIHUKH, IBWKCHHE
UCKYCCTBEHHBIX CITyTHUKOB.

Hemoncmpayuu.

HaGnroneHnue nBukeHUs Tell B MHEPLMAIbHBIX M HEMHEPIUAIBHBIX CUCTEMAaX OTCUETA.

IIpyHIMI OTHOCHTENBHOCTH.

Kauenne nByX IWIMHIPOB WIM WIAPOB pa3HOM MacChl € OJMHAKOBBIM YCKOPEHHEM
OTHOCUTEJILHO HEMHEPLUAIBHOW CHUCTEMBI OTCUETA.

CpaBHeHHUE PaBHOACHCTBYIONICH MPUIIOKEHHBIX K TEIIY CHJI C IPOU3BENCHUEM MAacCChl Tela Ha
€ro YCKOPEHHME B HHEPLMAIBHOM CUCTEME OTCUETA.

PaBeHCTBO Cuil, BO3HUKAIOLUX B PE3YJIbTAaTE B3AUMOJCUCTBHS TEII.

N3mepenune macc 1o B3auMoIeHCTBUIO.

HesecomocTts.

Bec Tena npu yCKOpeHHOM NOAbEME U NIa/ICHUN.

IlenTpoOexHbIE MEXaHU3MBI.

CpaBHEHHUE CUJI TPEHUS NIOKOs, KAUYEHUS U CKOJIb)KEHUS.

Yuenuueckuit sxcnepumenm, nadopamopnuvie padomul, npaKmuKym.

W3mepeHne paBHOICHCTBYOMIEH CUJI TPU IBM)KEHUU OpycKa 110 HAKJIOHHOM IJIOCKOCTH.

IIpoBepka rumoTe3pl O HE3aBHUCHUMOCTH BPEMEHHM JABWXKEHHMS Opycka 10 HaKJIOHHOH
IJIOCKOCTH Ha 3a/IaHHOE PAaCCTOSIHUE OT €r0 MacChl.

HccnenoBanue 3aBUCUMOCTH CHJI YOPYIOCTH, BO3HUKAIOIIUX B IPYKHHE U PE3MHOBOM
oOpasie, OT ux JehopMalHH.

N3yueHne NBMKEHUS] CUCTEMBI TeJl, CBA3aHHBIX HUTBIO, IEPEKHHYTOH uepe3 JErkuil OJI0K.

W3mepenne kodpduiMeHTa TpeHHs MO0 BETUYMHE YIJIIOBOTO KOA(pQHIMEHTa 3aBUCUMOCTH
Frp(N).

HccnenoBanne  JBWKEHUS Opycka IO  HAKJIOHHOM IUIOCKOCTH C  IEPEMEHHBIM
KOA(QPUIIMEHTOM TpEeHHSL.

W3ydeHnne nBuKeHMs Ipy3a Ha BaJLy C TPEHHEM.

Tema 3. Cmamuxa meépoozo mena.



AbcomotHo TBEpAoe Teno. IlocTynarenbHoe M BpallaTeNbHOE JABIKEHHE TBEPAOTO Tea.
MoMeHT cuiabl OTHOCUTENIBHO Ocu BpaimieHus. Ilinedo cumbl. CnoxkeHue cuil, IPUIIOKEHHBIX K
TBEpAOMY Teny. LIeHTp TskecTH Tena.

YcnoBus paBHOBECHs TBEPIOTO TeEJA.

VYcroitunBoe, HEyCTOMUMBOE, O€3pa3InyHOE PAaBHOBECHE.

TexHuueckre yCTpOoMCTBa U TEXHOJOTUYECKHUE ITPOLIECCHI: KPOHIUTEWH, CTPOUTEIbHBIN KpaH,
peméryaTble KOHCTPYKIUH.

Jemoncmpayuu.

VYcnoBust paBHOBECHS.

Bunel paBHOBECHS.

Yuenuueckuit sxcnepumenm, nabopamopmnvie padomoi, nPAKMUKYM.

HccnenoBanue ycnoBuid paBHOBECHS TBEPIOTO TEJA, UMEIOLIETO OCh BPAILICHHUS.

KoncTpynpoBanue KpOHIITEHHOB U PACUET CUJT YIIPYTOCTH.

N3yuenne ycTOMYMBOCTH TBEPAOTO TEJIA, UMEIOIIErO IUIOMIA/(b ONIOPHI.

Tema 4. 3akonvl coxpanenus é mexanuke.

Nmnynec MaTepuanbHONW TOYKHM, CUCTEMBI MaTepHalIbHbIX ToueK. LleHTp Macc cucTemsl
MaTepHUaJIbHBIX TOYeK. TeopeMa o IBUKEHUH LIEHTpa Macc.

NMiynbc cuiibl 1 UISMEHEHHE UMITyJIbCa Tela.

3aKOH COXpaHEHUs UMITYJIbCA.

PeakTuBHOE NBIKEHUE.

MoMeHT wummynabca MarepuanbHOM ToukW. IlpencraBmeHne O COXpaHEHMM MOMEHTA
UMITYJIbCa B IIEHTPATbHBIX MOJISIX.

PaGora cunbl Ha MajgoM W Ha KOHEYHOM nepemenieHuH. [paduueckoe mpeacraBieHue
paboOTHI CHIIBI.

MOIIHOCTB CHIIBL.

Kunernveckass 3Heprus MarepualbHOW TOYKH. Teopema 00 H3MEHEHHWH KHHETUYECKOU
SHEPrUU MaTEPUAIBHON TOUKH.

IloTeHumaneHple M HenoTeHOUanbHble Cuibl. [loTeHimaneHas sHeprus. lloTeHnumanbHas
SHeprus ymnpyro aehpopMuUpOBaHHON npyxkuHbl. IloTeHIManbHas SHEprusi Teaa B OJHOPOJHOM
IpaBUTalMOHHOM IoJie. lloTeHnumanbHas sHEprus Tejla B I'PAaBUTALIMOHHOM II0JIE OJHOPOJHOTO
11apa (BHyTpY U BHe 11apa). Bropas kocmudeckas cKopocTb. TpeThsi KOCMUYECKasi CKOPOCTb.

CBs3b pabOThl HEMOTEHIMANBHBIX CUJI C U3MEHEHUEM MEXaHWYECKON SHEPrUM CUCTEMBI TEll.
3aKOH COXpaHEHMsI MEXaHUYECKON YHEPIHH.

Yupyrue u Heynpyrue CTOJIKHOBEHHUS.

VYpaBHenue bepHymm i1 MACANbHOM JKUIKOCTH KakK CJIEACTBHE 3aKOHA COXPAaHEHUs
MEXaHUYECKOM HEPTHH.

TexHudeckue ycTpolcTBa U TEXHOJIOIMYECKHUE NPOLIECCHI: IBUKEHUE PAKET, BOJOMET, KOIIED,
IPYKUHHBIA HCTOJIET, TUPOCKOIL, (PUI'YypHOE KaTaHHE Ha KOHbKaX.

Hemoncmpauuu.

3aKOH COXpaHEHHs UMITYJIbCa.

PeaktuBHOE nBMKEHNE.

N3mepenne MOITHOCTH CHUJIBI.

V3MeHeHue sHepruu Teja Mpyu COBEPIIEHUN paboThI.

B3aumnble npeBpalieHusl KWHETUYECKON M MOTEHIIMAIbHOW SHEPTUil NPU JAEHCTBUU Ha TEJIO
CHJIBI TSDKECTHU U CHJIBI YIIPYTOCTH.

CoxpaHeHue SHepruy MpU CBOOOIHOM a/ICHHH.

Yuenuueckuit sxcnepumenm, nadopamopnuvie pabomul, npaKkmuxym.

N3mepenue ummyibcea Tena no TOpMO3HOMY IYTH.

W3MepeHune CUitbl TSrM, CKOPOCTH MOJIENHU SJIEKTPOMOOHIIS M MOIITHOCTH CUJIBI TATH.

CpaBHEHNE U3MEHEHUS UMITYJIbCA TEJIA C UMITYJILCOM CHJIBL.

HccnenoBanue coxpaHeHUs UMITYJIbCA IIPU YIPYTOM B3aMMOJEHCTBUM.

N3mepenne KNHETHYECKON YHEPTUH TENA 110 TOPMO3HOMY ITyTH.



CpaBHeHUE U3MEHEHUS MMOTEHIIMAILHOW SHEPTUU MPYKUHBI ¢ pab0TON CHIIBI TPEHHUSL.

Omnpenenenue pabOThI CHIIBI TPEHUS MPH IBUKCHUH TeJIa 10 HAKJIOHHON TIOCKOCTH.

Paznes 3. Moaeky/sipHasi puznka 1 TepMOIMHAMHUKA.

Tema 1. Ocno6bl MONEKYNAPHO-KUHEMUYUECKOT MeopUL.

OcHOBHBIE TOJIOKEHUS MOJIEKyJIsspHO-KuHeTHueckoi Tteopun (MKT), ux omnbiTHOE
obocnoBanme. Jud¢y3us. bBpoyHoBckoe nBmkeHHe. XapakTep ABIKEHUS M B3aUMOJCHCTBUS
yacTull BeuiecTBa. Mojienu CTpOeHusl ra3oB, >KUIKOCTEH M TBEPIBIX T€I U OOBSCHEHUE CBOWCTB
BEIllECTBA HAa OCHOBE 3TUX MoJeei. Macca u pa3mepsl MoJiekyl (atomoB). KosimuecTBO BeliecTna.
[Tocrositnnas ABoraapo.

TemoBoe paBHOBecue. Temmeparypa M crnocoObl €€ u3Mmepenus. lllkama Ttemneparyp
Ienbcus.

Monenb naeanbHOro ra3a B MOJEKYISPHO-KMHETUYECKOW TEOPHM: YAaCTHUIBl Ta3a ABMXKYTCS
Xa0TUYECKH U HE B3aUMOJCHUCTBYIOT APYT C IPYTOM.

l"azoBbie 3akoHbl. YpaBHeHHe MenpaeneeBa—Kianeiipona. AGcontoTHas Temmneparypa (IKaita
temreparyp KenbBuna). 3akoH JlambroHa. M3omporeccsl B HIEaTBbHOM Ta3e C MOCTOSHHBIM
KOJIMYeCcTBOM BemlecTBa. ['paduueckoe mnpencTaBieHHE M30MPOLIECCOB: H30TEpPMa, H30X0pa,
nzo0bapa.

CBsi3p MEXy AABICHUEM U CPEIHEW KMHETUYECKOW SHEPTrHeH MOCTYNATEIbHOIO TEIUIOBOTO
JBUKEHHST MOJIEKYJ M€albHOro ra3a (OCHOBHOE YpaBHEHHE MOJIEKYISPHO-KUHETHUECKON TEOpHH
UJICATHHOTO Ta3a).

CBs13b a0COJIFOTHOM TeMIIEpaTyphl TEPMOIMHAMUYECKONW CUCTEMBI CO CpeIHEeH KHHETUYECKON
SHEprueil NoCTyNnaTeIbHOTO TEIUIOBOTO JIBUYKEHUS €€ YaCTHII.

TexHuyeckue ycTpoicTBa U TEXHOJIOTMUECKHE MTPOLIECCHI: TEPMOMETP, OapoMeTp, MoJIydyeHue
HaHOMAaTepHuayoB.

Hemoncmpayuu.

Mopenu IBUKEHHS YaCTUL BELECTBA.

Monenbs OpOYHOBCKOTO IBUYKEHUSI.

Buneoponuk ¢ 3anuchio peabHOro OPOYHOBCKOTO JIBUXKEHUSI.

Judbdysust sxkuakocTei.

Monens onbiTa LlTepHa.

[IpuTsikeHne MONEKyII.

Mogenu KpUCTAIIIMYECKUX PEIIETOK.

Habmronenue u riccnenoBaHue U30MpOIIECCOB.

Yuenuueckuii sxkcnepumenm, nadopamopnvie padomul, RPAKMUKYM.

HccnenoBanue mpoiiecca yCTaHOBJICHHS TEIJIOBOI'O PAaBHOBECHS MPHU TEINIOOOMEHE MEKIY
ropsiyeil ¥ XoJI0JHOM BOJOM.

N3ydyenne wu30TepMUYECKOro Tmpolecca (PEeKOMEHJIOBAHO HCIOJIb30BaHUE HHUQPPOBOI
1a00paTOPHH).

N3yuenue n30xopHOro npoiecca.

N3ydenue nzobapHOTO MpoIecca.

[IpoBepka ypaBHEHUS] COCTOSIHUSL.

Tema 2. Tepmoounamuka. Tennosvie mamiunboi.

Tepmoaunamuueckast (TZl) cuctema. 3amaHue BHEIIHUX YCIOBHUH I TEPMOJIMHAMUYECKON
cucteMbl. BHelllHWe U BHYTpeHHUE mapaMmeTrpsl. [lapaMeTpbl TEpMOIMHAMUYECKOW CUCTEMBI KaK
CpelHHE 3HAUECHUS BEJTUYHH, OMMCHIBAIOIINUX €€ COCTOSIHUE HA MUKPOCKOITMYECKOM YPOBHE.

HyneBoe Hauano tepmoauHamuku. CamMONpOU3BOJIbHAS pelakcalus TEPMOJIUHAMUYECKON
CUCTEMBI K TEINIOBOMY PaBHOBECHIO.

Mogens wuaeanbHOrO Ta3a B TEPMOJMHAMHMKE — CHCTEMa YpaBHEHMI: ypaBHEHHE
MenneneeBa—KnanelipoHa u BelpakKeHUE JJIsl BHYTPEHHEN SHEPTUU. Y CIIOBUS TPUMEHUMOCTH 3TOU
MOJIEJIM: HHU3Kas KOHUEHTpAalMsl YacTUll, BHICOKME TeMIlepaTyphl. BeipaxxeHue st BHYyTpEeHHEH
SHEPrUHU OJJHOATOMHOI'O UEAIBHOTO rasa.

KBa3ucratnueckne u HECTaTUUECKUE TIPOLIECCHI.



DOnemeHTapHas paboTa B TepMoaAWHAMUKE. Brruucienue paboThl mo rpaduky mporecca Ha
pV-auarpamme.

Temmonepenaua kak criocod U3MEHEHUS BHYTPEHHEH YHEPTUH TEPMOIUHAMUICCKONH CUCTEMBI
0e3 coBepiieHus paboThl. KOHBEKITHUS, TEIIOMPOBOTHOCTh, U3TYICHHUE.

KonnuecTBo TemnoTel. TennoéMKoCTh Tena. Y aenbHas U MOJIsIpHas TEMIIOEMKOCTH BELIECTBA.
VYpaBHenue Maitepa. YaenbHas TEIUIOTAa CrOpaHUsl TOIUIMBA. Pacu€r KoJiMuecTBa TEIUIOTHI MPU
terwionepenaye. [lonstie 06 aguadatHoM mpoiecce.

[lepBrIit 3aK0H TepMOIUHAMUKU. BHyTpeHHss1 sHeprust. KonmdecTBo TemoTel n paboTa Kak
Mepbl U3MEHEHUSI BHYTPEHHEH YHEPTUH TEPMOJIMHAMUYECKON CUCTEMBI.

BTtopoii 3akoH TepMOAMHAMUKH JIJIi PABHOBECHBIX MPOIIECCOB: Yepe3 3aJlaHHOE PAaBHOBECHOE
COCTOSIHUE TEPMOJMHAMMYECKON CHUCTEMBbl MPOXOJUT €IUHCTBEHHas aauabara. AOCOIIOTHas
TeMreparypa.

Btopoit 3akoH TepMOJMHAMHKHK JIJI1 HEPABHOBECHBIX IPOIIECCOB: HEBO3MOXHO TEpeNaTh
TEIUIOTY OT OoJiee XOJIOMHOTO Teyna K Oosiee Harpetomy ©Oe3 kommencanuu (Kmaysumyc).
Heo6patumocTh MpUpoOIHBIX MPOIIECCOB.

[Tpuniumne! gerctBus TertoBbix mamuH. KIT/I.

MakcumanbHoe 3Hauenue KII. [ukin Kapno.

DKOJIOTHYECKHE aCIeKThl HMCIOJb30BaHUS TEIJIOBBIX JBUTaTeseil. TermnoBoe 3arps3HeHue
OKpYXKarollen Cpeibl.

TexHuueckne yCTPONCTBA M TEXHOJOTHYECKHE TPOIECCHI: XOJOMWIBHUK, KOHIAWIIHOHEP,
JTU3ENbHBIA W KapOIOpaTOpHBIA JBUTATENH, TMapoBas TypOWHA, TMOJTYYCHHE CBEPXHU3KHUX
TeMIEePaTyp, YTHIH3AIUS TEMIOBBIX» OTXO0J/I0B C UCIIOJIH30BAHUEM TEIUIOBOTO HACOCA, YTHIIH3AIIUS
OMOOPTaHMYECKOTO TOTTUBA ISl BRIPAOOTKHU «TETIOBOW» M DJIEKTPOIHEPTHUH.

Hemoncmpayuu.

N3menenue temnepatypsl pH ainadaTHYECKOM pacIIMpEHUH.

Bo3nymiHoe orauao.

CpaBHEHHE YJIETbHBIX TEIITOEMKOCTEN BEILIECTB.

CriocoObl U3MEHEHUsT BHYTPEHHEH SHEPTHH.

UccnenoBanue annabaTHoro mporecca.

KomnerotepHbie MO1€IM TEIIOBBIX JBUraTENEH.

Yuenuueckuit sxkcnepumenm, nadvopamopuvie padbomut, nPAKMUKYM.

N3mepenne yaenbHOM TEemI0EMKOCTH.

HccnenoBanue nmpoliecca OCThIBaHUS BELECTBA.

HccnenoBanue annabaTHoro mporecca.

N3yueHne B3aMMOCBS3M 3HEPIUU MEXKMOJIEKYISIPHOTO B3aUMOJACHCTBUS U TEMIEPATYPbI
KUIIEHUS XKUIKOCTEH.

Tema 3. Azpecamnvie cocmoanun eeujecmea. Pazoevle nepexoowvl.

[TapooOpazoBanue u KoHjeHcanus. VcmapeHue W KumeHHe. YaeibHas TeIUioTa
napooopa3zoBaHusl.

Haceiniennsle v HeHachllLeHHbIE Tapbl. KauecTBeHHas 3aBUCMMOCTD TUIOTHOCTH U JaBJICHUS
HACBII[EHHOTO TMapa OT TEeMIepPaTyphl, UX HE3aBUCUMOCTh OT OOBEMA HACHIIIEHHOTO TMapa.
3aBUCUMOCTb TEMIIEPATYPhl KUTIEHUSI OT JABJIEHUS B KUIKOCTH.

BrnaxxHocTh Bo3yxa. AGCONMIOTHAS U OTHOCUTEIbHAS BIaXKHOCTb.

TBépnoe tenmo. Kpucramnmnyeckue u amopdHbie Tena. AHHU30TPOIHUS CBONCTB KPHUCTAIIOB.
[InaBneHue u KpuctauM3aius. Y aenbHas TeroTa miasieHus. Cyonumarus.

Hedopmaruu tBEpIOro Tema. Pactskenume m coxatue. Caur. Monyne [Ownra. Ilpenen
yrnpyrux aehopMaiuii.

TemoBoe pacivpeHue KUAKOCTEH W TBEPABIX Tel, 00BEMHOE U JTUHEHHOE pacIIupeHHe.
AHTapMOHU3M TETUIOBBIX KOJIEOAHUI YaCTHI] BEIIECTBA KaK MPUYHMHA TETUIOBOTO PACIIMPEHUS Tel
(Ha KaYECTBEHHOM YpPOBHE).

[IpeoOpazoBanue >HEPTHH B (Ha30BBIX MEpexoaax.

YpaBHEHHE TEIIOBOTO OanaHca.



[ToBepxunoctHoe HatspkeHUe. KoadduimeHT moBepXHOCTHOTO HaTsHKeHHS. KamusuispHbie
siBJIeHUs. J[aBieHue Mo UCKPUBJIEHHOM MTOBEPXHOCTHIO kuakoctu. @opmyina Jlamaca.

TexHuueckre ycTpoicTBa U TEXHOJOTUYECKUE MPOIECCHI: )KUIKUE KPUCTAIUIbI, COBPEMEHHBIE
MaTepuabl.

Jemoncmpayuu.

TennoBoe pacuMpeHue.

CBoiiCTBa HACHIILIEHHBIX ITAPOB.

Kunienne. Kunenue npy noHW>KEHHOM JaBJICHUU.

N3mepenue cuiibl MOBEPXHOCTHOTO HATSKEHUS.

OMBITHI ¢ MBUTHHBIMH TJIEHKAMHU.

CmauuBanue.

Kanwnnspueie siBneHusl.

Mopenu HEHbIOTOHOBCKOM YKHIKOCTH.

CriocoOb1 U3MEPEHUS BIAKHOCTH.

UccnenoBanue HarpeBaHus U MUIABJICHHUS KPUCTALTMYECKOTO BEIIECTBA.

Bunel nedpopmannii.

Ha6nronenue mansix gedopmariuii.

Yuenuueckuit sxcnepumenm, nabopamopnuvie pabomel, npaKkmuxym.

N3yuenne 3aKkOHOMEPHOCTEN UCITAPEHUS KUIKOCTEN.

N3mepenue yaenbHOM TEIIOTHI IUIABJICHUS JIbA.

N3yueHune CBOKCTB HACHIIIEHHBIX MTAPOB.

N3mepenune abCOMOTHON BIKHOCTH BO3AyXa U OIEHKA MAacChI MTAPOB B MIOMEIICHUH.

N3mepenune koa¢dunnenTa moBepXHOCTHOTO HATHKEHUS.

N3amepenne moayns FOnra.

HccnenoBanue 3aBUCHMOCTH JleopMallid PEe3NHOBOTO o0Opas3lia OT MPHIIOKEHHON K HEMy
CHJIBL.

Pa3zneua 4. DiiekTpoanHamMuka.

Tema 1. Dnekmpuueckoe noe.

DneKTpu3aiusa Tea U €€ MpOsBICHUS. ODJIEKTpUYEeCKUi 3apsia. J[Ba BuIa AIEKTPUUECKUX
3aps0B. [IpoBOAHUKH, TUANEKTPUKNA U TMOJYIPOBOJHUKH. DJIEMEHTAPHBIA 3JEKTPUUYECKUI 3apsl.
3aKOH COXpaHEHUs IEKTPUUECKOTO 3aps/aa.

B3aumoperictBue 3apsnoB. Toueunsie 3apsabl. 3akoH KyinoHa.

Onektpuueckoe nose. Ero neiicTere Ha 31eKTPUYECKUE 3apsi/bl.

Hanpsok€uHocTs  anektpuyeckoro moiiss.  [IpoOubiii  3apsa. JluHum  HanpsokEHHOCTH
ANEKTPUUECKOTO 10JIsL. OTHOPOJHOE 3IEKTPUUYECKOE TIOJIE.

[loTeHUManbHOCTh 3JEKTPOCTATHUECKOrO IMOoJisl. Pa3HOCTh MOTEHIMANOB W HANpPsSHKEHUE.
[loTeHunaneHas 3HEprus 3apsia B IEKTpocTaTuyeckoM noJje. [loTeHnuan 31eKTpocTaTuyecKoro
nosist. CBA3b HAMPSDKEHHOCTH TOJISI M Pa3HOCTH MOTEHIIUANIOB JIJIS AJIEKTPOCTATHYECKOTO MOoJIs (Kak
OJIHOPOJHOTO, TaK ¥ HEOHOPOIHOTO).

[IpuHUHMI Cyneprno3uIu JIEKTPUYECKUX MTOIEH.

[Tone TtoueuHoro 3apsma. Iloixe paBHOMepHO 3apspkeHHOU cdephl. [lone paBHOMEpPHO
3apsHkeHHOro 1Mo 00BéMy mapa. [lome paBHOMEpHO 3apsKEHHONW OECKOHEUHOU TIOCKOCTH.
Kaptunbl nuHMi HanpsHKEHHOCTH 3TUX MOJIEH M SKBUIIOTEHIMATBHBIX TOBEPXHOCTEH.

[IpoBOAHMKY B 3IEKTPOCTATUUECKOM IOJIE. Y CIOBUE PABHOBECHUS 3apsJIOB.

JIMBIIEKTPUKH B 3JIEKTPOCTATUYECKOM MoJI€e. J{uaneKkTpuieckas MpoOHUIIaEMOCTh BEIIECTBA.

Konnencarop. D1eKTpoEMKOCTh KOHAEHCATOPA. DIEKTPOEMKOCTH IIIOCKOTO KOHAEHCATOPA.

[TapannensHoe COEJIMHEHUE KOHJIEHCATOPOB. [TocnenoBarensHoE COEIMHEHHE
KOHJIEHCATOPOB.

DHeprus 3aps>KeHHOTO KOHJIEHCATOpA.

JIBUKEeHME 3apsHKEeHHON YacTHUIbI B OJTHOPOAHOM 3JIEKTPUUYECKOM TOJIE.

TexHnueckrue yCTpOMCTBA M TEXHOJOTHYECKHE IIPOLIECCHI: 3JIEKTPOCKOM, 3IEKTPOMETD,
ANIEKTPOCTATUYECKAS 3alUTa, 3a3eMJICHHUE SJIEKTPOIPUOOPOB, KOHICHCATOPHI, reHepartop Ban ne



I'paada.

Jemoncmpayuu.

YeTpoCTBO M IPUHLUII JEHCTBUS dJIEKTPOMETPA.

DNEKTPUUECKOE MOJIE 3aPSHKEHHBIX LIAPUKOB.

DNEKTPUUECKOE TOJIE IBYX 3aPSKEHHBIX IJIACTHH.

Mogens anekTpocTaTudeckoro reneparopa (Ban ne ['paada).

[IpoBOAHUKH B 3IEKTPUYECKOM IIOJIE.

DNeKTpoCTaTUYECKas 3alIuTa.

YCTpolcTBO M ACMCTBHE KOHJAEHCATOPA MTOCTOSHHOW M IEPEMEHHON EMKOCTH.

3aBUCUMOCTD 3JIEKTPOEMKOCTH IUIOCKOTO KOHJEHCATOpa OT IUIOUIaJM IUIACTHH, PACCTOSHUSA
MEXIy HUMH M TUSJIEKTPUUYECKON MPOHUIIAEMOCTH.

DHeprus MEeKTPUYECKOTro MOoJIs 3apsyKEHHOTO KOHAEHCATOPA.

3apsaka u pa3psKa KOHIAEHCATopa Yyepes pe3nucTop.

Yuenuueckuit sxcnepumenm, nabopamopnuie pabomui, npaKmuxym.

OneHka cu1 B3aMMOJEHCTBUS 3apsKEHHBIX Tell.

Habmronenue npeBpaiieHus SHEPrUM 3apsyKEHHOIO KOHAEHCATOpa B DHEPIUI0 H3IIy4eHUS
CBETO/INO/1A.

N3ydeHnne nmpoTekaHus TokKa B IIEMH, COJIepKalieil KOHIeH caTop.

Pacnipenenenne pasHOCTH TOTCHIHAIOB (HANIPSDKEHMSI) TIPH TTOCIIEIOBATEIIEHOM COCTUHEHUN
KOHJICHCATOPOB.

HccnenoBanue paspsiga KOHJIEHCATOPa Yepe3 pe3UcTop.

Tema 2. Ilocmoannslil IneKmpuyecKuil mok.

Cuna toxka. [TocTosIHHBIN TOK.

VYcnoBus  CymiecTBOBaHMSI IMOCTOSIHHOTO — JJIEKTPUYECKOrO  TokKa. VcTouHuMkM  ToKa.
Hamnpsoxenne U u DJ1C &.

3akon OMa Jyis yyacTKa IETH.

DIIEKTPUYECKOE COMPOTHUBICHUE. 3aBUCUMOCTh CONPOTUBIIEHHUS] OJHOPOJHOTO IMPOBOJHHMKA
OT €ro JJIMHBI U IUIOIIA/IN [TONEPEYHOI0 CEYEHUs. Y IETbHOE CONPOTUBIICHNE BEILIECTBA.

[locnenoBarenbHOE, NapayIeNbHOE, CMEHNIAHHOE COEIMHEHHE MPOBOJHUKOB. Pacuér
pa3BeTBIEHHBIX deKTpuueckux uene. [Ipasmia Kupxroda.

PaboTa anekTpuueckoro Toka. 3akoH Jxoynsa—Jlenna.

MonIHOCTh 3JEKTPUYECKOTO TOKA. TeroBast MOUTHOCTb, BbIJIESIEMAsl HA PE3UCTOPE.

OJIC u BHYTpeHHEE CONMPOTUBIICHWE MCTOYHHMKA TOKa. 3akoH Oma JjIsl TIOJIHOM (3aMKHYTOM )
ANEKTPUYECKOM 1enu. MomHOCTh UCTOYHUKA TOKa. KopoTkoe 3aMbIkaHue.

KonneHcarop B 11enu NOCTOSIHHOTO TOKA.

TexHnueckre ycTpoMCTBA U TEXHOJIOTMYECKUE MPOLIECCHI: aMIIEpPMETP, BOJBTMETP, PEOCTAT,
CUETUHK BJICKTPUUECKOU IHEPTUU.

Hemoncmpauuu.

N3mepenue cuibl TOKa U HAPSHKEHUSL.

HccnegoBanue 3aBUCUMOCTH CHJIbl TOKAa OT HAOpsDKEHUS I8 PE3UCTOpa,  JIAMIIbI
HaKaJIUBaHUs U CBETOAMO/IA.

3aBUCUMOCTh CONPOTHUBJICHUS UMUIMHAPUYECKUX TPOBOJHUKOB OT JUIMHBI, IUJIOLIATU
MOINEPEYHOI0 CEYEHUsI U MaTepHaa.

HccnenoBanue 3aBUCMMOCTH CHIIBI TOKAa OT COITPOTUBIICHHUSI IPU TOCTOSTHHOM HAIPSKEHUU.

[Ipssmoe m3mepenue D/IC. KopoTkoe 3aMblKaHME TajdbBaHMUYECKOIO 3JIEMEHTa MU OLICHKa
BHYTPEHHETO CONPOTUBIICHUS.

Crnioco0bl coelMHeHNs UCTOYHUKOB Toka, DJ]C Garapei.

HccnenoBanue pa3HOCTH MOTEHIIMATIOB MEXAY MOJIOCAMU MCTOYHUKA TOKA OT CHJIBI TOKa B
LEMH.

Yuenuueckuit sxcnepumenm, nadopamopnuvie pabomul, npaKkmuxym.

HccnenoBanue CMEMIaHHOTO COEIMHEHUS PE3UCTOPOB.

N3mepenue yaenbHOTO COMPOTUBICHUS TPOBOTHUKOB.



HccnenoBanue 3aBUCUMOCTH CUIIBI TOKA OT HAIIPSDKEHUS JUIs JIaMIIbl HAKaJIUBaHMsL.

VYBenuueHue npezeia u3MEepeHus: amnepmeTpa (BOJIbTMETPA).

N3mepenune 3/1C u BHYTpEHHETO CONPOTUBIICHUS UCTOYHUKA TOKA.

WccnenoBanue 3aBucumoctu IJIC rajbBaHMUYECKOIO 3JEMEHTA OT BPEMEHU IPU KOPOTKOM
3aMbIKaHUH.

HccnenoBanue pasHOCTH NOTEHIMANIOB MEXAY IOJIFOCAMU MCTOYHUKA TOKA OT CHJIBI TOKA B
LEMH.

HccnenoBanue 3aBUCMMOCTH I0JIE3HON MOLTHOCTH UCTOYHHMKA TOKA OT CHJIBI TOKA.

Tema 3. Toku 6 paznuunsix cpeoax.

DnexTpuyeckas IpOBOAUMOCTh Pa3IMYHbIX BEUIECTB. DJIEKTPOHHAs MPOBOJAUMOCTb TBEPABIX
METaJJIOB. 3aBUCUMOCTb CONPOTUBIIEHUSI METAJIJIOB OT TeMIepaTypbl. CBEpXIIPOBOIUMOCTb.

DnexTpuueckuil ToK B Bakyyme. CBONCTBA 3JIEKTPOHHBIX ITyYKOB.

[HonynpoBoanuku. CoOCTBEHHAs: U MpUMECHas! MPOBOAMMOCThH IMOJIYIPOBOIHUKOB. CBOMCTBa
p—n-nepexona. IloaynpoBogHUKOBBIE TPUOOPHI.

DNEeKTpUUYECKUH TOK B DJIEKTPOJUTAX. OJEKTPOJUTUYECKAS JUCCOLMALUS. JIEKTPOJIU3.
3axonsl Dapazest U1l JIEKTPOIU3a.

OnexTpuueckuil TOK B razax. CaMOCTOSITENIbHBIN U HECAMOCTOSATENbHBIN pa3psal. Pasnuynbie
THUIIBI CAMOCTOSITELHOTO pazpsaa. Momnnus. [1nazma.

Texnuyeckue ycTpoWCTBa M TPAKTUYECKOE TPUMEHEHHE: Tra3opaspsiiHble JIaMIIbl,
ANIEKTPOHHO-JIy4eBasi TpyOKa, MOJYIMPOBOJHUKOBBIE MPUOOPBI: JHOJ, TPaH3UCTOp, (oToauon,
CBETO/IMO/I, TaJIbBAaHUKA, paQUHUPOBAHHE ME/IH, BBITUIABKA aJIFOMUHHUS, SJIEKTPOHHASI MUKPOCKOTIHSL.

emoncmpayuu.

3aBUCHUMOCTb COIPOTHBIIEHUS] METAJUIOB OT TEMIIEPATYPHI.

[IpoBOAMMOCTB 3JEKTPOIUTOB.

3akoHbI 3eKkTpoaun3a Papazes.

HckpoBoii pa3psia ¥ MPOBOJIUMOCTh BO3/1yXa.

CpaBHEHME IPOBOJUMOCTH METAJIJIOB U MOJYIIPOBOJHUKOB.

OHOCTOPOHHSS TPOBOUMOCTD AUO/IA.

Yuenuueckuit sxkcnepumenm, nadvopamopusvie padbomut, nPAKMUKyM.

Habmonenue snexrpoiusa.

N3mepenue 3apsia 0THOBAJIEHTHOrO UOHA.

HccnenoBanue 3aBUCUMOCTH COITPOTHUBIIEHUS] TEPMOPEZUCTOPA OT TEMIIEPATYPHI.

CHsTHE BOJIBT - aMIIEPHOM XapaKTEPUCTUKU JUOMA.

DuU3n4YecKNi NPaKTUKYM.

CriocoObl 3MepeHus (pU3NUecKUx BEIMYUH C UCIOJIH30BAHUEM AHAJIOTOBBIX U IU(PPOBBIX
W3MEpUTENbHBIX TMPUOOPOB M  KOMIBIOTEPHBIX JATYUKOBBIX CHUCTEM. AOCONIOTHBIE U
OTHOCHUTEIIbHBIE MOTPEIIHOCTH U3MepeHult pusndeckux BeandrH. OeHKa TpaHull MOTPEHIHOCTE.

[IpoBeneHne KOCBEHHBIX M3MEPEHUI, UCCIIEJOBAHUN 3aBUCUMOCTEH (U3UYECKUX BEIUYHH,
MPOBEpKa MPEUIOKEHHBIX TUNOoTe3 (BBIOOp W3 PaldOT, OMHMCAHHBIX B TEMAaTUYECKHX pasjenax
«YYeHHUeCKUN IKCIIEPUMEHT, J1a00paTopHbIe pabOThI, MPAKTUKYM)).

MexnpeamMeTHbIe CBSI3H.

N3yuenune kypca ¢usuku yriayonaéHHoro ypoBHs B 10 kiacce ocymiecTBIsieTcs ¢ y4€TOM
coJiepKaTeIbHbIX MEXIPEAMETHBIX CBsI3el ¢ KypcaMi MaTeMaTHKH, OMOJIOIMH, XUMHUH, Teorpapuu
Y TEXHOJIOTHH.

Mesicnpeomemnvie nOHAMUA, CEA3AHHBIE C U3YUEHUEM MEMO00068 HAYYHO20 NOZHAHUA:
sBJICHHE, HAay4yHbIH (akT, TUMoTe3a, (HU3UYEcKas BEIUYMHA, 3aKOH, TeOopus, HaOJIOJCHHUE,
OKCIEPUMEHT, MOJAEIUPOBAHUE, MOJIENb, U3MEPEHUE, TIOIPEIIHOCTH U3MEPEHUN, U3MEPUTEIbHBIC
npubopsl, nudposas sadoparopusi.

Mamemamuka: penieHne cucteMbl ypaBHeHH. JIuHeliHas QyHKius, napaboia, runepooa,
ux rpaguku U cBoiicTBa. TpuroHoMeTpuieckue (QyHKIMH: CHHYC, KOCHUHYC, TAHT'€HC, KOTAHT€HC,
OCHOBHOE€ TPUTOHOMETPUYECKOE TOXKAECTBO. BEKTOpHl M MX MNPOEKUMM HAa OCH KOOpJAUHAT,
CIIO)KEHHE BEKTOPOB.



Buonocua: mexaHnueckoe JIBUKCHUE B KMBOW mpupoje, auddysus, ocmoc, TemoooMeH
KHUBBIX OPraHU3MOB, TEIUIOBOE 3arpsA3HEHHE OKPY)KAIOLIEH Cpefbl, yTHIIN3alusi OHOOPraHUnYEeCKOTO
TOIUIMBA JJIS BBIPAOOTKU «TEIJIOBOM» M AIIEKTPO’HEPTHUH, MOBEPXHOCTHOE HATSHKCHUE U
KalWJUISIPHBIE SIBJIEHUS B IPUPO/JIE, DJIEKTPUUECKUE SIBJICHUS B )KMBOM IPUPOJIE.

Xumusa: NUCKPETHOE CTPOEHME BEILLECTBA, CTPOEHHME ATOMOB M MOJIEKYJ, MOJIb BELIECTBA,
MOJISIpHAsi Macca, NOJy4eHHEe HaHOMAaTepUalloB, TEIJIOBbIE CBOMCTBA TBEPABIX Tel, KHUAKOCTEH U
ra3oB, JKUJKHUE KPUCTAIUIbI, JIEKTPUUECKHE CBOMCTBA METAJUIOB, 3JIEKTPOJIUTHYECKAs TUCCOLMALINS,
rajlbBaHMKa, NEKTPOHHAsI MUKPOCKOIIHSI.

TI'eozpagpua: BnaxxHOCTh BO3/yXa, BETPBl, OAPOMETpP, TEPMOMETP.

Texnonozua: npeodOpa3oBaHue JBUKEHUI C UCIOJIb30BaHUEM MEXAaHU3MOB, YUET CyXOIro U
AKUJKOTO TPEHUS B TEXHUKE, CTATUYECKHE KOHCTPYKIUH (KPOHILUTEIH, peméTyaTble KOHCTPYKILINN),
WCII0JIb30BAHNE 3aKOHOB COXPAHEHUS MEXaHUKH B TEXHUKE (THPOCKON, BOJOMET U JpYyTue),
JIBUTATE]b BHYTPEHHErO CrOpaHMs, MapoBas TypOWHa, OBITOBOM XOJOIWIBHUK, KOHIUIIMOHED,
TEXHOJIOTUM TOJY4YE€HHUS COBPEMEHHBIX MaTepuajoB, B TOM 4YHUCJIE€ HAaHOMATEpUAIOB, H
HAaHOTEXHOJIOTUH, JJIEKTPOCTAaTUYECKasl 3alluTa, 3a3eMJICHHE 3JIEKTPOIPHOOPOB, ra3zopaspsaHble
JIaMIIbl, IOJYIIPOBOJHUKOBBIE MTPUOOPBHI, raJIbBaHHKA.



TEMATHYECKOE IINTAHUPOBAHUE
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HaumenoBanue
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KonuuectBo uacos

IIporpammHoe conep:kanue

OCHOBHBIE BUABI AEATEILHOCTH
00yJaroNMXCst

OnexktpoHHbIE (TUPPOBEIE)
00pazoBaTenbHbIE PECYPCHI

Bcero‘ K.p ‘ ILp

Paznen 1. Hayunslii MeTo mo3HAHMS NPHPO

JIBI

11

Hayunsrii
METOJ

[I03HaHUA
HIPUPOLBI

6

®dusnka — QyHIaAMEHTATbHAS HAYKa O
npupoae. Hayunsiii MeTos o3HaHus U
METOBI UCCIIETOBAHUS (PH3NIECKIX
ABJICHUI. DKCIIEPUMEHT M TEOPHS B
TIpoIiecce MO3HAHUS MTPUPOJIBL.
HabnroeHvie u 9KcriepuMeHT B (pr3uke.
Croco6b1 n3MepeHus HU3MISCKUX
BEJIMYMH (aHAIOTOBEIE U I (POBEIC
H3MEpUTENbHBIE TPHOOPEI,
KOMIBIOTEPHBIE JATYNKOBBIE CHCTEMBI).
ITorpemuocty n3MepeHnit pU3MIECKIX
BeITUIHMH (aOCOMOTHAS
OTHOCHTENbHAs). MonenipoBaHue
(hm3uUecKuX SBICHUN U TIPOIIECCOB
(MaTepranbHas TOUKa, aOCOIFOTHO
TBEPIOE TEI0, HIealTbHAS KHUIKOCTD,
WJIeaTbHBIN Ta3, TOUCUHBIN 3aps).
I'mmore3a. @U3ndecKUi 3aKOH,
TPaHUIIBI €T'0 IPUMEHHUMOCTH.
®uznueckas teopus. Ponb u mecto
(hn3uku B GOpMUPOBaHUYU COBPEMEHHON
Hay4HOW KapTHHBI MHUPa, B
MIPAKTUIECKON JeSITETHbHOCTH JTFOJIEH.

VYuyacrtue B JUCKYCCUU O pOJIU
(bu3nveckol Teopun B
(dbopMUpOBaHWH TIPENICTABICHUN O
(bu3nIecKol KapTUHE MHPA, MECTE
(bU3NIeCKON KapTUHBI MUPa B
o01IIeM psiTy COBpEMEHHBIX
€CTECTBEHHO-HaY4HbIX
MpEACTaBIEHUI O IPUPOJIE.
N3ydenune noHsTUl

«TUTIOTE3a», «(PU3NIECKHll 3aKOHY,
«puzngecKast TCOPUs».
PaccmoTpenue rpaHuig
HIPUMEHUMOCTH (PHU3NIECKUX
3ak0HOB. CpaBHEHHNE H3MEPCHUMA
(bu3UUECKUX BEITHMYUH IIPHU OMOLIN
AHAJIOTOBBIX M U(PPOBBIX
M3MEPUTETBHBIX TPHOOPOB,
HalpuMep, pU U3MEPEHUH CHIIBI
TOKa W HAIPSDKEHUS B LIETTH
MOCTOSTHHOTO TOKA IIPH IOMOIIN
AHAJIOTOBBIX M U(PPOBBIX
M3MEPUTENBHBIX TPHOOPOB.
OcBoeHue crioco00B OLEHKH
MOrPEIIHOCTEN U3MEPEHUII.
OcBoeHNE OCHOBHBIX PHEMOB
pabotsl ¢ nudpoBoi abopaTopueit

bu6moreka [IOK
https://m.edsoo.ru/f16b68d7
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no ¢pu3MKe, HanpuUMep, P
n3MepeHnr (pU3NIecKuX BETUINH
MPU TIOMOIIY KOMIIBIOTEPHBIX
JIATYNKOB

Wroro no pazneny 6
Paznen 2. Mexanuka
2.1 | Kunemarnka 10 MexaHn4ecKoe JBUKEHUE. IIpoBeneHrne KOCBEHHBIX U3MEPEHUM

OTHOCUTENBHOCTh MEXaHUYECKOTO
nekeHus. Cucrema orcuéra. [psimast
1 oOpaTHas 3a7]aui MeXaHuku. Paauyc-
BEKTOp MaTEpUATBHOI TOYKH, €r0
MIPOEKIINY Ha OCH CHCTEMBI KOOpPINHAT.
Tpaekropus. [lepemeniienue, CKOpoCTh
(cpemnsis CKOPOCTh, MTHOBEHHAS
CKOPOCTh) ¥ YCKOPEHHE MaTepHaIbLHOM
TOYKH, UX TMTPOEKIIUU HA OCH CHCTEMBI
koopanHat. CloXeHue nmepemMenieHuii u
CJI0’KeHHE cKopocTel. PaBHOMEpHOE U
PaBHOYCKOpPEHHOE MPAMOINHEHHOE
IBHKEHNE. 3aBUCUMOCTh KOOPAWHAT,
CKOPOCTH,YCKOPEHHUS 1 TIyTH
MaTepuaIbHON TOYKH OT BPEMEHHU U MX
rpaduku. CBOOOIHOE IMaicHNE.
YckopeHue CBOOOIHOTO IaIeHHsI.
JBmxenne Tena, OpoIeHHOTr 0 MO/
YTJIOM K TOPU30HTY. 3aBHCHMOCTD
KOOPAHWHAT, CKOPOCTH M YCKOPEHHS
MaTepuaIbHON TOYKH OT BPEMEHH U X
rpaduxu. KpuBonnHeliHOE ABIKEHUE.
JBr>keHUE MaTepUaIbHOM TOUKH IO
OKPY)KHOCTHU. YTIIOBas U JINHEHHAs
ckopoctsb. [leproxn u yacrora
obpamenwus. [leaTpocTpemuTenpHOE
(HOpManBHOE), KacaTellbHOe
(TaHTeHIIMATBHOE) U TIOJTHOE YCKOPEHUE
MarepuanibHOU Touku. TexHuyeckue

MT'HOBEHHOM CKOPOCTH U YCKOpEHHS
Tena, B TOM YHCJIE YCKOPEHUS
CBOOOJTHOT O TaJICHHs], TPOBEIEHUE
HCCIIEIOBaHUS 3aBUCUMOCTEN MEXTY
(bU3NYECKUMHU BETMIUHAMHE (TIYyTH OT
BPEMEHH IIPU PABHOYCKOPEHHOM
JIBUKCHUH, TIEPHOIa 00palleHus
KOHHNYCCKOI'O MasATHHKA OT €ro
[IapaMeTPOB) U OIBITOB I10 IPOBEPKE
MPEUIOKEHHOW TUIIOTESBI TPH
WU3y4EHUU PaBHOYCKOPEHHOTO
IPSIMOJIMHEHHOT O JBY)KECHUS,
JBIDKEHMS Tesa, OpOLIEHHOI O
TOPU30HTAJIbHO, IBHKEHHS TEIa IO
OKPYHOCTHU C IOCTOSIHHOM IO
MOZYJIO CKOpOCThI0. OnpeneneHue
a0COJIOTHBIX M OTHOCUTEIBHBIX
MOTrPEIIHOCTEN U3MepEHU
¢duznueckux BenuuuH. OreHka
rpaHul] norpemusocrel. 3ydyenne
MOJEJIM CUCTEMBI OTCUETA,
CpaBHEHUE IyTEH, TPAaCKTOPHIA,
CKOpPOCTEN IBHYKEHHSI OTHOTO H TOTO
K€ Tea B pa3HbIX CHCTEMaxX
orcuéra. AHaIM3 pa3HbIX CIIOCOOOB
WCCIICZIOBaHNS ABKEHUIM.
PaccMotpenue nmpenensHoro
Mepexoa U N3MEPEHNE MIHOBEHHOMN
ckopoctu. MonenupoBanue

bu6moreka [JOK
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YCTPOMCTBA U TEXHOIOTUYECKUE
MPOLIECCHI: CITUIOMETD, ABHKEHUE
CHAaps/I0B, LETTHBIC, IIECTePEHYATHIC 1
pEMEHHBIE TTepeaayn, CKOPOCTHBIC
TUQTHL

npeoOpa3oBaHus JBUKCHUH C
HCIIOJIH30BAHNEM MEXaHU3MOB,
U3y4YeHre nMpeodpa3oBaHusl YTIOBOH
CKOpPOCTH B peayKTOpe. AHAIN3
HaIpaBJICHHUS] CKOPOCTH MPH
JIBUYKCHUU T10 OKPY>KHOCTH.
Pelienne pacy€THbIX 3a/1a4 C IBHO
3aJIaHHOHM U HESIBHO 3aJaHHOMU
(bu3nIecKoi MOJIENBIO C
WCIIOJIH30BAHNEM OCHOBHBIX 3aKOHOB
U GopMyn KUHEMATHKH. Perienne
Ka4eCTBEHHBIX 32124, TPEOYIOIIHX
IIPUMEHEHUS 3HAHUM 110
kuHeMmatuke. OObsICHEHNE
YCTPOMCTBA U MPUHLIMIIA JIEACTBUS
CIUIOMETPA, IETTHBIX,
IeCTEPEHYATHIX U PEMEHHBIX
nepenay, CKOPOCTHBIX JIN(TOB.
OObsICHEHNE NBIKEHUS CHAPSIOB.
OrnpeneneHune ycaoBuit
MPUMEHUMOCTH MOjIeen
(U3UIECKHX TEN U POIIECCOB
(sBNIeHMIT): MaTepuaIbHAS TOUKA,
PaBHOYCKOPEHHOE IBIKEHHE,
cBOOOMHOE TIaZieHre. BrimonHenwe
y4eOHBIX 33/IaHHI Ha aHAJIH3
MeXaHUYECKHUX TIPOIECCOB
(sIBNIEHUIT) C HCIIONB30BAHUEM
OCHOBHBIX TIOJIO)KEHUH M 3aKOHOB
KHHEMATHKHU: OTHOCUTENFHOCTh
MEXaHUYECKOr'O JIBIKEHHUS,
(hopMyIIBl KHHEMATHKH
PaBHOYCKOPEHHOTO IBHKEHUS,
npeoOpazoBanus ["amtes s
CKOpPOCTH U TIEpEMEIISHHSI.
Wcnons3oBanue IT-TexHonoruil npu




paboTe ¢ IOMOIHUTELHBIMH
HCTOYHUKAMH HH(OPMAIIMH 1O TEME,
UX KpUTUYECKUM aHAIIN3 U OLICHKA
JIOCTOBEPHOCTH

2.2

Hunamuka

10

IIepselii 3akoH HproTOHA.
WnepunanbHble cHCTEMBI OTCUETA.
[Ipunarmn otHocuTenbHOCTH [ anumes.
HeunepruanbpHble cucTeMBbl OTCUETA
(onpenenenue, npumepsl). Macca Tena.
Cuna. [lpuHIun cyneprno3uuny Cuil.
Bropoii 3akon HetoToHa Jyist
MaTepuanbHON TOYKU. TpEeTHii 3aKoH
HeroToHa 11 MaTepraIbHBIX TOUEK.
3aKOH BCEMHPHOTO TATOTEHHS.
OKBHUBAJIEHTHOCTH TPAaBUTAIIMOHHOMN U
HHEPTHOM Macchl. CHila TSHKECTH.
3aBUCUMOCTH YCKOPEHUS CBOOOIHOTO
[IaJIeHUs OT BBICOTHI HaJl IOBEPXHOCTHIO
ITAHEeTHI U OT TeorpapuuecKoit
MIMPOTHL. J[BIKeHne HeOeCHBIX Tel U
HX CIyTHUKOB. 3akoHbl Kemepa.
IlepBas kocMuueckasi ckopocts. Cuiia
ympyroctu. 3akoH ['yka. Bec Tena. Bec
Tena, IBMKYILET0CS C YCKOPEHUEM.
Cuna tpenns. Cyxoe Tpenue. Cuia
TPEHUSI CKOJILKEHUS U CHJIa TPEHUS
nokos. Koaddunment tpenus. Cuna
CONPOTHUBJICHUS P IBM)KEHUU Teja B
AKHUIKOCTH WY rasze, €€ 3aBUCUMOCTb OT
CKOPOCTH OTHOCHTEIBHOTO JBIKEHUS.
Hanenue. 'mapocraTuieckoe
naeneHue. Cuna Apxumena.
TexHuueckrue ycTporucTBa U
TEXHOJOTNYECKUE IIPOLIECCHI:
MOJIIUITHUKH, IBUKEHHE
HCKYCCTBEHHBIX CIYTHHUKOB

[IpoBeneHre KOCBEHHBIX U3MEPEHUI
PaBHOJIEUCTBYIOIIEH CUJT U

KO3 PHUITUCHTA TPEHUS CKOJIbKCHUS,
MIPOBEJICHNE HCCIICOBAHMS
3aBHCHUMOCTEH (PU3NIECKUX BEITUYNH
(cwt ympyrocTH, BOZHUKAIOIINX B
MIPY>KUHE U Pe3UHOBOM 00pasiie, OT
ux JehopMaInmn) U OIBITOB 110
MPOBEPKE MPETIOKEHHON TUTTOTE3bI
MIPH U3YYE€HUH JBIDKEHUS OpycKa 1o
HAKJIOHHOW MJIOCKOCTH, ABMXKCHUS
CHCTEMBI CBSI3aHHBIX TE,
nepopmanuu Te1. OnpenencHue
a0CONIOTHBIX U OTHOCHUTENBHBIX
MOTPEIIHOCTEN U3MEPEHU
¢uznvecknx BenuanH. OrieHKa
TPaHUII MOTPELTHOCTEH.
HWccnenoBanne ABMKEHUS CHCTEMBI
TeJI, CBSI3aHHBIX HUTHIO,
MIEPEKNHYTOH uepe3 JNErKuii OJIOK,
JIBUKEHUS OpycKa 110 HaKIIOHHOM
TIJIOCKOCTH € TIEPEMEHHBIM
KO3((UIIMEHTOM TPEHUS, ABIKEHUS
rpy3a Ha Bally C TPEHUEM.
HaGmronenme nBrkeHus Tel B
WHEPIUATbHBIX U HEMHEPIHAIHLHBIX
CUCTeMax OTCuéTa, Harmpumep,
KaueHHs! IBYX IMIIMHAPOB HITH
[IApOB Pa3HOW MAaCCHI C
OJTMHAKOBBIM YCKOPEHHEM
OTHOCHTEIHHO HEMHEPIHAIEHON
cucrembl oTcuéra. M3ydyenune

buommoreka [IOK
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HEHTPOOEKHBIX MEXaHU3MOB.
CpaBHeHMEe CHJI TPEHHS MTOKO4,
Ka4yeHUs U CKOJIbKeHHs. PerieHue
pacu€THBIX 3a/1a4 C SIBHO 33/IaHHOH 1
HESIBHO 33JJaHHON (hU3UYECKOI
MOJIETIBIO C MCTIONB30BaHUEM
OCHOBHBIX 32KOHOB U (hOpMYIT
KUHEMAaTUKU ¥ TUHAMHKH. Perienue
Ka4eCTBEHHBIX 3a/1a4, TPeOyIOIHX
MPUMEHEHUsI 3HAHUH 10 KWHEMAaTHKE)
n quHamuke. OObsICHEHNE
YCTpOMCTBA U IPUHLIAIA JIEUCTBUA
NOoMUITHUKOB. OOBsICHEHNE
JIBUYKCHUSI HCKYCCTBEHHBIX
crryTHUKOB. OTpeseieHne YCIIOBHMA
MIPUMEHUMOCTH MOjIeJen
(bHU3UYECKUX TEI U IPOLIECCOB
(sBNIeHMIT): WHEpITHAIbHAS CUCTEMA
orcuéra, MaTepHaibHas TOYKa,
abCOIIIOTHO yIpyras aedopmariusi.
BrimonHenne y1eOHBIX 3aJaHIH Ha
aHaJIN3 MEXaHUIECKHUX TIPOIIECCOB
(sBIIEHUIT) C HCIIONTB30BAHUEM
OCHOBHBIX TIOJIO)KEHUH M 3aKOHOB
MUHAMHKH: TpU 3akoHa HetoToHa,
TIPUHIIATI OTHOCUTENEHOCTH
lNanunesi, 3aKOH BCEMUPHOTO
Tsarotenus. Pabora B rpymmax mpu
00CYXIEHUU BOIIPOCOB
MEKITPEIMETHOI0 XapaKTepa
(manpumep, o Teme «/IBrmkeHne B
TIPUPOZEL»)

2.3

CraTnka
TBEPIOIO TENa

AOGCONIOTHO TBEPAOE TENO.
[locrymarensHOE U BpalaTenbHOe
JBUKEHUE TBEPAOTO Tena. MoMeHT
CHJIbl OTHOCHUTENBHO OCH BpAILICHUSI.

[IpoBenenue uccineq0BaHUS
YCIIOBUH paBHOBECHS TBEPAOTO TeNa,
MMEIOLIETO OCh BPALICHMUS;

bu6mmoreka [JOK
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IIneuo cunel. ClioKeHHE CUII,
IIPUIIOKEHHBIX K TBEPIOMY TENIY.
IlenTp TsxecTH Tena. Y cioBus
paBHOBecHUs TBEPOTrO TeNa.
VYcroilunBoe, HeyCTOMYMBOE,
0e3pa3IMyHOe paBHOBECHE.
TexHu4yeckne yCTpoicTBa u
TEXHOJIOTMYECKU € ITPOLIECCHI:
KPOHILUTENH, CTPOUTENbHBIA KPaH,
penéryaTbie KOHCTPYKLUU

pacu€T Cui ynpyrocTu; u3y4eHue
YCTOMYUBOCTU TBEPIOTO TEINA,
MMEIOIIIETO IUIOIAb OMOPHI.
Pelienne pacu€THbIx 3a/1a4 ¢ IBHO
3a/IaHHOM U HESBHO 3a1aHHOMN
(bu3nIeCcKoi MOJIENBIO C
MCIIOJIH30BAHNEM OCHOBHBIX 3aKOHOB
u Gopmyn craTUkH. Pemenne
Ka4eCTBEHHBIX 33124, TPEOYIOIIHX
IIPUMCHCHU A 3HAHUU I10 CTATHKE.
OO0BbsacHeHne yCTpoiicTBa U
IIPUHLMIIOB JIECHCTBUS KPOHUITEWHA,
CTPOHTENHHOTO KpaHa, PeeérdaThix
KOHCTpyKImid. OnpeneneHue
YCIIOBUM PUMEHUMOCTH MOJENIEN
(bu3nyYecKux Tea: a0COTIOTHO
TBEpI0€ Teno. BrinmonHeHue
yaeOHBIX 3aJaHN Ha aHAJIA3
MeXaHUYECKHX MPOIECCOB
(sBIIEHMI) C HCTIONH30BAHUEM
OCHOBHBIX TIOJIO)KEHUH M 3aKOHOB
CTaTHKH: YCIIOBHSI PAaBHOBECHS
TBEPAOTO TEIA

24

3aKOHBI
COXpaHEHHS B
MEXaHUKe

10

NMnynbsc MaTepuaabHON TOUKH,
CHCTEMbI MaTepUaAJIbHBIX TO4YeK. LleHTp
Macc CUCTEMbI MaTEepHAIIbHBIX TOUEK.
Teopema 0 ABMKEHHU LIEHTpPa Macc.
Wmnynbe cuisl 1 H3MEHEHHE UMITYJIbCa
Tena. 3aKOH COXPaHEHHs UMITYJIbCa.
PeaktuBHOE nBU)KEHME. MOMEHT
HMITYJIbCA MaTEpPUAIBHON TOUKH.
[Ipencraienue o cCoOXxpaHEeHUU
MOMEHTa UMITYJIbCa B IEHTPAIbHBIX
nossix. Pabora cuibl Ha MajioMm U Ha
KOHEYHOM TE€PEMEILEHHH.
I'paduueckoe npeacrapiaeHue padboThl

TIpoBeneHne KOCBEHHBIX U3MEPEHU N
UMILYJIbCa T€J1a, KWHETHYECKOH 1
MOTEHLUATBbHON SHEPIUH Tena,
MOIIIHOCTH CHJIbI; IPOBENCHHE
OIIBITOB I10 MTPOBEPKE
IPEATIOKEHHON TUIIOTE3bI IPU
M3y4YEHUHU PaBHOYCKOPEHHOT'O
IPSIMOJIMHENHOT0 JBIKEHHUS U
B3auMoencTus ten. OnpeneneHue
a0COJIOTHBIX M OTHOCUTEIBHBIX
MOrPEIIHOCTEN U3MepEHUI
¢usnyecknx BenuunH. OLeHKa
T'PaHUL TOTPEIIHOCTEN.

bubnuorexa [[OK
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cuibl. MolHocTh CHIbl. Kunernyeckas
OHEprusd MaTCpHaHLHOﬁ TOYKHU.
Teopema 00 U3MEHEHUH KMHETHYCCKOM
OHCPruu MaTCpHaHLHOfI TOYKHU.
HOTGHHI/IHHBHBIG 1 HENIOTCHIIMAJIbHBIC
CHIJIBI. HOTGHHI/IEUIBHEU[ OHEPIUs.
IloreHunanbHasg SHEPTUs yIPYyro
nehopMUpPOBaHHOM TPY>KUHBI.
HOTGHHI/IBJ’IBH&H OHEprus T€jia B
OJTHOPOJTHOM T'PAaBUTAIIIOHHOM TIOJIE.
HOTGHHI/IaHBHaH OHEprus T€jia B
TPaBUTAIMOHHOM T0JI€ OTHOPOIHOTO
mapa (BHYTpH U BHE mapa). Bropas
KOCMHYECKasi CKOPOCTb. Tperhs
KOCMUYecKasi CKOpOCTb. CBSI3b pabOThHI
HEMOTEHINAIbHBIX CHJI C U3MEHEHHEM
MEXaHWYEeCKOW YHEPTHH CUCTEMBI TeJl.
3aKOH COXpaHEHUSI MEXaHUIECKOM
SHEpPruu. YIpyrue u Heynpyrue
CTOJIKHOBEHHUSI. Y paBHEeHHE bepHynu
TUTS JeaTbHON KHUIKOCTH KaK
CJIEZICTBHE 3aKOHA COXPaHEHH
MEXaHU4eCKOH sHepruu. TexHu4eckue
YCTPOWCTBA M TEXHOIIOTUUECKHE
MIPOIIECCHI: IBIKEHHE PaKeT, BOTOMET,
KONEP, MPYKUHHBIA MTUCTOJET,
THUPOCKOII, (PUTYPHOE KaTaHWE Ha
KOHBKaxX

IIpoBeneHue sKCIIEpUMEHTA 110
CpaBHCHUIO U3BMCHCHUA UMITYJIbCA
Tena ¢ UMITYJIbCOM CHITHI,
HU3MCHCHUA HOTCHHI/IEUII)HOI\/'I
SHEPTUU MPYKUHBI ¢ pabOTON CHITBI
Tpenus. MccnenoBanue coxpaHeHUs
HMILYJIbCA IIPU YIIPYTOM
B3aUMO/JICHCTBUH, COXPAHEHUS
SHEPTUH MPU CBOOOIHOM I1aJICHHH.
OnpezeneHue padOThI CHUIIBI TPEHHUSI
IIpU ABUKCHUM TEIa I10 HaKJIOHHOM
miockoctu. Habmonenue u
00BSICHEHNE PEAKTUBHOTO
JIBIKEHUA. PelieHne pacy€THbIX
3a/a4 ¢ SIBHO 3aJJaHHO U HESIBHO
3alaHHON (DU3MYECKON MOJCIIBIO C
WCIIOJIH30BAHUEM OCHOBHBIX
3aKOHOB M ()OPMYIT MEXaHHUKH.
Pemmenne kauecTBEeHHBIX 3a]1a4,
TpeOYIOMUX MPUMEHEHHUS 3HAHUII 110
Mexaauke. OObSICHEHNE TTPUHITUIIOB
JIEUCTBUS BOJIOMETA, KOMEpa,
MPY>KHHHOTO MHCTOJIETa, THPOCKOIIA.
OObsICHEHNE NBYKCHUSI PAKET,
(UTYpHOrO KaTaHus Ha KOHBKaX.
Onpenenenue ycaoBui
MPUMEHUMOCTU MOoJeei
(U3UYECKHX TeJ U MPOILIECCOB
(sBEeHM): aOCONMIOTHO YIIPyroe 1
a0COIIIOTHO HEYTIPYTOe
CTOJIKHOBEHUS. BrImmonHeHue
y4eOHBIX 33/IaHUI Ha aHaln3
MEXaHWYECKHX TIPOIECCOB
(sBNIEHUIT) C HCIIOTB30BAaHUEM
3aKOHOB COXPaHEHHS B MEXaHHKE:
3aKOHBI COXPaHEHHSI UMITYJIbCA U




MEXAHUYECKON SHEPIUH, CBA3b
pabOThI CHIIBI C U3MEHEHU EM
MeXaHWYEeCKOH IHepTUr Tena.
Hcnonb3oBanue IT-TexHonoruii npu
paboTe ¢ TOMOTHUTEIBHBIMU
WUCTOYHUKAMH WHPOPMAIIH T10
TeMe, UX KPUTUYECKUN aHaIN3 U
OILIEHKa JTOCTOBEPHOCTH

Hroro no pazgeny

35

3

Paznen 3. MoJsiekyasipuasi ¢pu3nka 1 TepMOINHAMHMKA

3.1

OCHOBBI
MOJIEKYJISIPHO-
KHUHETHYIECKOU
TEOpUH

15

1

OcCHOBHBIE MTOJIOKEHUST MOJIEKYIISIPHO-
kuHeTndeckoit reopuu (MKT), nx
ornbITHOE 00ocHOBaHue. Juddysus.
BpoyHnoBckoe amkenue. Xapakrep
JIBYDKEHHS U B3aUMOJICHCTBUS YACTHIL
BeriectBa. MoJenu CTpOEHUS Ta30B,
JKUJIKOCTEU U TBEPABIX TEN U
00BsICHEHHE CBOWCTB BEIIeCTBA Ha
OCHOBE 3TUX Mojenel. Macca u
pasMepsl MOJIEKYJT (aTOMOB).
Konnuectso BemecTBa. IloctosiHHas
Asoranpo. TeroBoe paBHOBECHE.
Temmeparypa u ciocoOb! e
n3mepenus. llkana remneparyp
Ilenscus. Mogaens naeaabHOrO ra3a B
MOJIEKYIISIPHO-KWHETHYECKOH TEOPHH:
YaCTHIIBI Ta3a JABIKYTCS XaOTHYECKH H
HE B3aHMOJIEHCTBYIOT JAPYT C IPYTOM.
I'a30BbIE 3aKOHBL. YpaBHEHUE
MenpaeneeBa—Knanelipona.
AOGconroTHas TemnepaTypa (IIKana
temiiepatyp Kenbsuna). 3akon
Janbrona. M3omporieccsl B neaabHOM
rase C IMOCTOSHHBIM KOJTMYEeCTBOM
BemiectBa. [ paduyeckoe
NIPEJICTABJIEHUE H30ITPOLIECCOB:

IIpoBenenne nsmepeHni
MapaMeTpoB rasa, IpoBeIeHUE
HCCIEI0BAHUN 3aBUCUMOCTEN
(1)I/ISI/IT-IGCKI/IX BCJIMYHUH U OIIBITOB I10
MPOBEPKE MPEI0KEHHOW TMIOTE3bI
TP N3YYEHUU YCTAaHOBJICHUS
TEIIOBOT'O PaBHOBECHUS 1
M30IMPOIIECCOB B rasax.
Ompenenerne abCOMIOTHBIX U
OTHOCHTEJIBHBIX ITOTPENTHOCTEH
M3MepeHni (PM3NUECKUX BETUUHH.
OreHka rpaHuI] MOrPENTHOCTEH.
DKcIiepuMeHTaIbHAas IPOBEPKa
YpaBHEHUS COCTOSHUS UACATHHOTO
rasa. 3yuenue Mozeneii: TBUKEeHUs
YaCTHII BEIIECTBA, OPOYHOBCKOTO
nmBrxkeHns. onbiTa LlltepHa,
KPUCTAJUTHYECKUX PEHIETOK.
Pemenne pacu€rHbIX 3a/1a4 ¢ IBHO
3aJaHHOM W HESIBHO 3aJaHHOU
(hr3ruecKol MOJIEINBIO C
WCIIOJIH30BAHUEM OCHOBHBIX
3aKOHOB ¥ (POPMYIT MOJIEKYIISIPHOM
(hm3uku. Perrenne kauecTBEHHBIX
3a/1a4, TPEOYIOIUX MPUMEHEHHS
3HAaHUH 110 MOJIKYJIIPHOH (hH3HKe.

bu6mmoreka [JOK
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u30TepMa, u30xopa, nzodapa. CBs3b
MEXy IaBJICHUEM U CpEIHEN
KUHETUYECKON SHEPrueit
MOCTYTATEIbHOr O TEMJIOBOTO IBUXKEHUS
MOJIEKYII U/IeTbHOTO Ta3a (OCHOBHOE
ypaBHEHHE MOJIEKYIIAPHO-
KUHETHYECKOH TEOPHH HI€aIbHOTO
raza). CBsizb aOCONIOTHON TeMIepaTypsbl
TEPMOJANHAMUYIECKON CHCTEMBI CO
cpeaHell KUHETUYECKON SHEepruei
[TOCTYIATETHHOTO TETIJIOBOTO IBHKEHHUS
e€ yactull. TexHHYeCKre yCTpONCTBA U
TEXHOJIOTMYECKU € ITPOLIECCHI:
TEepMOMETp, OapoMerTp, MOoIydeHue
HaHOMAaTEpHUAJIOB

OOmBsicHEHHE YCTPOKCTBA U
MIpUHLIMIIA AEHCTBUS TEPMOMETPA,
b6apomerpa. OObSICHEHHE MOTyYCHUS
HaHoMaTepuanoB. Onpenenenue
YCIIOBUI MPUMEHUMOCTH Mojenei
(U3NYECKHX TEN U TPOLIECCOB
(sBIeHM): MOzeTe raza, JKUIKOCTH
1 TBEPAOTO (KPUCTAIIINIECKOT0)
Tena, UAeaIbHOro rasa.
BeinonHeHne y4eOHbIX 3ajaHuii Ha
aHaJN3 TETUIOBBIX IPOIIECCOB
(s1BIEHUH) C NCMOIB30BAaHUEM
ocHOBHbIX ntonioxkeHut MKT u
3aKOHOB MOJIEKYJISIPHOM (PU3UKH:
CBSI3b JIaBJICHNA UACATHHOTO rasza co
cpeaHel KWHETHYECKON dHeprueit
TEIJIOBOT'O JBMYKEHUS U
KOHIIGHTPAIINEH ero MOJIEKYI, CBA3b
TEMIIEpaTypHsl BEIIECTBA CO CPEeTHEH
KMHETUYECKON SHEPTUEH TEJIOBOTO
JIBUKEHHS €r0 YaCTHII, CBA3h
JTABJICHUS UeaJhHOro Tasa ¢
KOHIIEHTpAIHel MOJIEKY U €ro
TEMIIEpaTypOl, ypaBHEHUE
MenneneeBa—Knamneiipona

3.2

TepmoauHaMuk
a. TerioBble
MAIIUHBI

20

Tepmomunamudaeckas (T 1) cucrema.
3agaHue BHELIHUX YCIOBUM 1715
TEPMOAMHAMUYIECKOIN CHCTEMBI.
BremHve v BHyTpeHHUE TapaMeTphl.
ITapameTpsl TEpMOIMHAMUYECKOM
CUCTEMBI KaK CpeJHUE 3HAYCHUS
BEJIMYWH, OITACHIBAIOIINX €€ COCTOSTHHE
Ha MUKPOCKOITHYECKOM YPOBHE.
HyneBoe Havano TepMOAMHAMUKY.
CaMoITpon3BOoITbHAS PeTaKcaItis
TEPMOJAMHAMUYECKON CHCTEMBI K

W3mepenue yneiabHOU
TEIMIOEMKOCTH Pa3HBIX BEIIECTB, UX
CpaBHEHUE, POBECHHE
HCCJICIOBAHNH 3aBHCHMOCTEH
(hM3UYECKUX BETUYUH U OMBITOB 110
MIPOBEPKE MPEIIOKEHHOMN TUITOTE3bI
TIPY U3YYEHUH TIPOIIECCOB
Tem1000MeHa 1 aguadaTHOro
nporecca. OmnpeneneHue
aOCOIIOTHBIX U OTHOCHUTEIBHBIX
MOTrPEIIHOCTEN U3MepEeHui

bu6moreka [JOK
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TEIUIOBOMY pPaBHOBECUIO. Mozernb
U7IeaIbHOr0 ra3a B TEPMOIUHAMUKE —
CUCTEMA YpaBHEHUI: ypaBHEHUE
Menneneesa—Knaneiipona u
BBIPAKEHUE JJI1 BHYTPEHHEN 3HEPIUU.
VY ciioBUsi TPUMEHUMOCTH 3TON MOJIENH:
HU3KasA KOHIECHTpAaIus 4aCTUIl, BLICOKUE
TeMmIeparypsl. Beipaxkenue s
BHYTPEHHEN SHEPTUH OJTHOATOMHOI'O
uzeasbHOro rasa. Keazucratndeckue u
HECTaTUYECKHE MPOIECCHI.
OnemenTapHas pabora B
TepMoIuHaMuKe. Beraucienre paboTh
o rpaduKy mporitecca Ha pV-
muarpamme. Teronepenada kak crocod
HU3MEHEHUs BHYTPEHHEH sHeprun
TEpMOJIUHAMUYECKON CUCTEMBI 0€3
coBepuieHus padotsl. Konsekius,
TEIJIONPOBOJHOCTD, U3IIyUCHHUE.
Komnuectso Temnorsl. TemnoémkocTs
Tena. Y aenbHas U MOJISIpHAst
TEMJI0EMKOCTH BELIECTBA. Y paBHEHUE
Maiiepa. Y nenpHas TEIIoTa CropaHus
ToruMBa. Pacuér Konn4ecTBa TEmI0THI
ipu Terutonepenade. [lorstue 006
agmabaTHOM Tiporiecce. llepBwIii 3aKoH
TEpMOJUHAMUKU. BHyTpeHHsIs1 sHEprusl.
KonnuectBo Termnorsl u padora Kak
Mepbl U3MEHEHUS BHYTPEHHEN SHEPTUH
TEPMOJIMHAMUYECKOU cucTeMbl. Bropoit
3aKOH TEPMOANHAMUKH IS
PaBHOBECHBIX ITPOLIECCOB: UEPE3
3aJJaHHOE PaBHOBECHOE COCTOSIHUE
TEPMOJMHAMUYECKON CHCTEMBI
MIPOXOIUT EANHCTBEHHAs aauadaTa.
AbcomoTHas TemnepaTypa. Bropoii

¢usnueckux BenmuuuH. OLeHKa
IPaHHULL ITOrpelHocTel. M3yuenue
B3aUMOCBSI3H YHEPTUN
MEXKMOJIEKYIISIPHOTO
B3aUMOJICHCTBUS U TEMIIEPATYPHI
KUIIEHUs )XuaKocTen. M3yueHue
TEIUIOBBIX JIBUTATEJIEH C
HCITOJIb30BAHUEM KOMIIBIOTEPHBIX
Mozenei. MccnenoBaHne pa3HbIX
croco0OB U3MEHEHHUsI BHYTPEHHEN
9Hepruu. Pellienne pacu€rHbIX 3a/1a4
C SIBHO 3aJaHHOM M HESIBHO 3aJaHHON
(bU3NIECKON MOJIENBIO €
HCITOJIb30BAHMUEM OCHOBHBIX 3aKOHOB
1 GOpMYI MOJIEKYISIPHON (PU3UKHU U
TepMOJMHAMUKU. Perienue
KauyeCTBEHHBIX 3324, TPEOYIOMNX
MIPUMEHEHUS 3HAHUM 1O
MOJIEKYJIIpHOH (pHU3UKe U
tepMoauHamMuke. OObsICHEHNE
YCTPOICTBA U NPUHLIMIIA JEHCTBUS
XOJIOJMIIbHUKA, KOHJIUIINOHEPA,
JIU3EIIEHOTO B KapOIopaToOpHOro
JIBUTATENEH, TapoOBOU TypOWHBI.
OOBbsacHeHue MoTydeHus
CBEpXHU3KUX TEMIIEpaTyp,
YTHIU3AIUHU «TETUIOBBIX» OTXOIOB C
WCTIOJIH30BAHUEM TEIJIOBOTO HAcoca,
YTHIU3aIUU OMOOPTaHUIECKOTO
TOTLTUBA JJIS1 BRIPAOOTKH
«TETUTOBOM» M 3JIEKTPOIHEPTUH.
BrmonHenne yueOHBIX 3aIaHH Ha
aHaJIA3 TETUIOBBIX MPOIIECCOB
(sBNIEHUIT) C HCIIOTB30BAaHUEM
ocHOBHBIX nonoxkeHudt MKT u
3aKOHOB MOJICKYJISIDHOU (PU3UKH U




3aKOH TEPMOIMHAMMKH JIIsI
HEPABHOBECHBIX IPOIIECCOB:
HEBO3MO)KHO TIEPEIaTh TEIIOTY OT
0oJiee XOJIOIHOrO Teja K OoJee
Harperomy 0e3 KOMITCHCAIHH
(Knaysuyc). HeobpaTtumocTh
MPUPOHBIX MporieccoB. [IpUHIUTIBI
JericTBus TerutoBbix MamuH. KIT/1.
MaxkcumanbHoe 3HaueHne KITJ1. [ukn
Kapno. Dxonorudeckue acrieKThI
HCIIOJIb30BaHUS TEIIJIOBBIX IBUTATENIECH.
TemnnoBoe 3arpsi3HEHNE OKPYKaroLen
cpenpl. TexHuueckue ycTpoiicTsa u
TEXHOJIOTMYECKHUE MPOIIECCHI:
XOJIOJMIIbHUK, KOHIUI[UOHED,
JIN3ETHHBIN ¥ KapOIOpaTOPHBIH
JIBUTATENH, TIApOBasi TypOUHa,
MOJTyYeHH e CBEPXHU3KUX TEMIIEPaTyp,
YTUIU3AIHUS «TETIIOBBIX)» OTXOA0B C
HCIIONIB30BaHMEM TEIIOBOT'O HAcocCa,
YTAIU3AIUs OMOOPTaHUIECKOTO
TOILITNBA IS BRIPAOOTKH «TEILIOBOM» U
3JIEKTPOIHEPTHH

TEPMOJIMHAMUKHU: TIEPBBII 3aKOH
TEPMOIMHAMUKH, 3aKOH COXPAHCHUS
SHEPTUHU B TEIJIOBBIX MPOIECCaXx.
HUcnonszoBanue | T-TexHonoruii npu
paboTe ¢ IOMOIHUTEIbHBIMH
HUCTOYHUKAMH UH(POPMAIIUH 10 TEME,
UX KPUTUYECKUN aHAJIM3 U OLICHKA
JIOCTOBEPHOCTU. AHAJIN3 U OIICHKA
MOCJIEICTBUN UCIIOJIL30BAHUS
TEIUIOBBIX JABHUIATEIICH U TEIJIOBOIO
3arps3HEHMS OKPYKAIOIICH CPEIbI C
MO3UIIMH DKOJIOTNYECKOHN
0e301acHOCTH; IPEACTABICHHUH O
paIoHAITEHOM
MIPUPOIOIIOIE30BaHUH (B IpOIIECcCe
MOJTOTOBKH COOOIICHUH,
BBITIOJTHEHU Y TPYIITIOBBIX TIPOEKTOR)

3.3

ArperatHbie
COCTOSTHHSA
BEIIIeCTBA.
®dazoBbie
TIepEXoIbl

14

[TapooGpa3oBanne 1 KOHIEHCAIIHSL.
Hcnapenue u kuneHue. Y aenbHas
TEII0Ta MapooOpa30BaHMUSL.
Haceimennble 1 HeHaCHITIIEHHBIE TTAPEL.
KadectBeHHast 3aBHCHMOCTB IIJIOTHOCTH
Y JaBJICHUS HACKHIIIEHHOTO apa oT
TeMITepaTypbl, UX HE3aBUCUMOCTB OT
00bEMa HACHIIIEHHOTO apa.
3aBUCHMOCTH TEMITEPATYPHI KUTICHUS OT
JIABJICHUS B KHUJIKOCTH. BlIaxkHOCTB
BO3yxa. AOCOMIOTHAs U
OTHOCHTENbHAS BIAKHOCTH. TBEPI0E
teno. Kpucrayumdeckue u amopdHsie

Habmronenne cBOHCTB HaCBILIEHHBIX
MapoB, MAJIBIX JAe(opMaItni,
IPOBEICHNE KOCBEHHbBIX N3MEPEHUIN
yIeNbHON TEIIOTHI TIABICHUS JIbAa,
a0COIIOTHOM BIIAYKHOCTH BO3IyXa,
K03 PUIEHTa TOBEPXHOCTHOTO
HaTsDKeHus, Moyt FOHra.
N3yuenue 3akoHOMeEpHOCTEN
WCIIApEHUs U KUTICHUS )KUAKOCTEH, B
TOM YHCII€ KATIEHUS TIPH
MOHM)KEHHOM JaBJICHHH,
HarpeBaHus U TUIaBJICHUS
KPHUCTAJUIMUECKOrO BEIIECTBA,

bubnuorexa [[OK
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Tena. AHU30TPOIHUS CBOMCTB
Kpucrasios. [Inasnenue u
KpUCTAJUIM3alMA. Y AenbHas TEIIoTa
iaBieHus. CyOaumarnusi.
Hedopmanmu TBEpIOTO TENA.
Pactspkenue u oxarue. Cagur. Moayib
IOwnra. Ipenen ynpyrux nehopmariuii.
TemnnoBoe paclIupeHUEe KUAKOCTEN U
TBEPABIX TeN, 00BEMHOE U THHEHHOE
pacmpenre. AHTapMOHH3M TETIOBBIX
Kosie0aHMI YacTHII BEIECTBA Kak
MPUYMHA TETUIOBOT'O PACIIUPEHHS TEI
(Ha KaYECTBEHHOM ypPOBHE).
[IpeobpazoBanwue sHEprUM B Pa30BBIX
repexoyax. Y paBHEHHUE TEIJIOBOTO
Oananca. [loBepxHOCTHOE HaTSKEHHUE.
KoaddurmeHT moBepXHOCTHOTO
HaTshKeHn. KanmuisipHble SBIIeHUS.
JaBiieHue noj uCKpUBIEHHON
MTOBEPXHOCTHIO JXUAKOCTH. DopMyra
Jlannaca. TexHu4eckue ycTpoicTa u
TEXHOIIOTUIECKHE MPOIECCHI: )KHUIKHE
KpPHUCTAILJIBI, COBPEMEHHBIE MAaTEPHAITBI

KaluJUIIPHBIX SIBICHUH,
cmaunBaHus. [IpoBeneHne onsITOB ¢
MBUTBHBIMU TUIEHKAMU.
HccnenoBanue Mmonenu
HEHBIOTOHOBCKOMU KU JKOCTH.
Pelienne pacu€THbIX 3a/1a4 C IBHO
3a/IaHHOM U HESBHO 3a/1aHHOMN
(bu3nIeCcKOi MOJIENBIO C
MCIIOJIH30BAHNEM OCHOBHBIX 3aKOHOB
1 GOpMYI MOJIEKYIISIPHON (PU3UKHU U
TepMOAUHAMUKH. PemeHue
Ka4yeCTBEHHBIX 3324, TPEOYIOMNX
IIPUMEHEHUS 3HAHUM 110
MOJIEKYJISIPHOM (U3HKe U
tepMmouHaMuke. OObsiICHEHNE
OCHOBHBIX TIPUHITUIIOB CTPOEHUS
KHUJKUX KPUCTAJUIOB, ITOTyYEHHS
COBPEMEHHBIX MaTEepHAIIOB.
OrnpeneneHne yCIOBUM
MIPUMEHUMOCTH MoJIeIen
(bU3UIECKHUX TEN U IPOIIECCOB
(sBIIEHMIA): MOZIENICH Ta3a, KUIKOCTH
1 TBEPAOTO (KPUCTAIITHIECKOTO)
Telna, UAeaTHHOro rasa.
BrmonHenne yueOHBIX 3a1aHA Ha
aHaJIH3 TETUIOBBIX MTPOIIECCOB
(sBIIEHUIT) C HCIIONTB30BAaHUEM
ocHOBHBIX nonokeHud MKT u
3aKOHOB MOJICKYJISIPHOW (PU3UKH U
TEPMOJAMHAMUKH: CBS3b JTABICHUS
U7eaJbHOro Ta3a ¢ KOHIIeHTparmei
MOJIEKYJT ¥ €0 TeMITepaTypoH,
ypaBHeHUe MeHeneeBa—
Kunanelipona, nepBsliii 3aK0H
TepMoanHaMuKH. PaGoTa B rpymmax
pu 00CYKIECHUHN BOIPOCOB




MEXIIPEIMETHOr0 XapaKkTepa
(mampumep, o Teme «TemnooOMeH B
JKUBOM MTPUPOE»)

Hroro no pazneny

49

Paznen 4. DiekTpoamHaMuKa

4.1

DIEKTPUIECKOe
nose

24

BzaumoneiicrBue 3apsaoB. ToueuHbie
3apsiabl. 3akoH Kynona.
DnexTpudeckoe monie. Ero nefictBue Ha
3JIEKTPUYECKUE 3aPsIIbI.
Hanpsk€HHOCTB 3J1EKTPUYECKOTO MOJIS.
[Ipo6uerii 3apan. JInanm
HaNPsLKEHHOCTH SJIEKTPUIECKOTO TTOJIS.
OmHOpPOAHOE INEKTPHUIECKOE TTOIIE.
IloreHIMAIBLHOCTE
3JIEKTpOCTaTHIECKOro noist. PazHocts
IIOTEHLIUAJIOB U HANIPsDKEHUE.
[lorenuunanbHas 3HEprus 3apsiaa B
aneKTpocraTuyeckoM nose. [lorennuan
3JIeKTpocTaTUYecKoro nojs. Cesi3b
HaNpsDKEHHOCTH OJIS M Pa3HOCTU
[TOTEHIHUAJIOB IS JJIEKTPOCTATUYECKOT O
1107151 (KaK OJHOPOIHOTO, TaK U
HeomHopoaHoro). [TpuHITHI
CYIEpPIIO3ULINH JEKTPUUECKUX TTOJIEH.
ITone Toueunoro 3apsiaa. [lone
paBHOMEpHO 3apshkeHHoM cepsl. [lome
PaBHOMEPHO 3apsKEHHOT0 10 00BEMY
wapa. [lone paBHOMEPHO 3apsLKEHHON
OeckoHeuHO mmockocT. KapTrHb!
JUHUN HANPsDKEHHOCTH 3TUX MOJEH U
9KBUIIOTEHIUAIBHBIX [TOBEPXHOCTEH.
[IpoBOAHMKH B 3JIEKTPOCTATUIECKOM
mose. Y cioBre paBHOBECHS 3apsIIOB.
JM3I1eKTPUKY B 3JIEKTPOCTATHYECKOM
nose. Jnanexrpudeckas

MNPOHULACMOCTb BCIICCTBA.

[IpoBeneHre KOCBEHHBIX U3MEPEHU
U OIIBITOB I10 IIPOBEPKE
IIPEJIOKEHHOM THITOTE3BI IIPU
HN3YUYCHHUU B3aHMOI{eI710TBHH
3apsKEHHBIX Te, 3apsaaa
KOHJIEHCATOPa, MOCIIeI0BATENFHOTO
COETMHEHUSI KOH/IEHCATOPOB.
Ompenenerne abCOMIOTHRIX U
OTHOCHTCIIBHBIX HOFpeIlIHOCTeﬁ
HU3MepeHu PU3MYECKUX BETHYUHMH.
OreHka rpaHuI] MOrPEITHOCTEH.
Hab6monenue nmpesparieHms
SHEPTuu 3apsLKEHHOTo
KOHJICHCAaTOpa B 3HEPTHIO
U3JIy4€HHsI CBETOANO/IA,
UCCIIeI0OBAHUE pa3psiia
KOHJICHCATOPAa Yepe3 PE3UCTOP.
M3yueHue 3aBUCUMOCTH
BIIEKTPOEMKOCTH TLIOCKOTO
KOHJIEHCATOpa OT IUIOLIAI!
IUTACTHH, PACCTOSHUS MEXIY HUMH
U JUBJIEKTPUUECKOU
IpOHULIAeMOCTH. M3yueHue KapTHH
JIMHUM HanpsHKEHHOCTU
JIEKTPUYECKOTO MOJISI TOUYEUHOI0
3apsijia, paBHOMEPHO 3apsuKEHHOM
cepbl, paABHOMEPHO 3aPSKEHHOI'0
1o 00bEMy 1apa, paBHOMEPHO
3apsHKEHHON OeCKOHEUHOU
IUIOCKOCTU ¥ 3KBUITOTEHLIUATBHBIX
oBepXHOCTeN. Penenne pacuéTHbIX

bu6mmoreka [JOK
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Konnencartop. D1eKTpoEMKOCTH
KOHJIEHCATOpa. DJIEKTPOEMKOCTh
TJIOCKOTO KOH/GHCATOopA.
ITapannensHoE coenMHEHUE
KoHzieHcaTopoB. [locnenoBaTensHOe
COe/IMHEHNE KOHACHCATOPOB. DHEPrus
3apsHKEHHOT0 KOHIeHcaTopa. [IBrKkeHne
3apsAXKEHHON YaCTULIBI B OJJHOPOAHOM
anekTpudeckoM moine. TexHunyeckue
YCTPOWCTBA U TEXHOJIOTMYECKHUE
MIPOIIECCHI: ITEKTPOCKOII, HIIEKTPOMETP,
JJIEKTpOCTaTHYECKAas 3aIHTA,
3a3eMJIEHHE FIEKTPONPHOOPOB,
KOHJIEHCATOphI, TeHepatop Ban ne
I'paada

3a7a4 C SIBHO 33JIAHHOW U HEABHO
3aJJaHHON (PU3UYECKON MOJIEIBIO C
MCIOJb30BAHNEM OCHOBHBIX 3aKOHOB
1 GOpPMYI STEKTPOCTATUKH.
Pemenne kauecTBEHHBIX 3aja4,
TpeOYIONUX MPUMEHEHUS 3HAHUH 110
anekrpocraTuke. OObsICHEHUE
YCTPOMCTBA U MPUHIIMINA JEHCTBUS
3JIEKTPOCKOIIA, JIEKTPOMETPAa,
KOHJIEHCATOpOB, TeHepaTopa Bau e
I'paada. OOBsicHEHHE paOOTHI
3JIEKTPOCTATUYE€CKOW 3aLIUTHI,
3a3eMJICHHUS SJIEKTPOITPHOOPOB.
Ornpenenerune ycaoBui
MIPUMEHUMOCTH MOjIeJen
(U3UYECKUX TEN: TOYCUHBIHN 3apsi,
OJTHOPOJTHOE IIEKTPHUECKOE TIOJIE.
Brimonaenne yaeOHBIX 3a1aHI Ha
aHaJIN3 dJIEKTPUIECKUX ITPOIIECCOB
(sBIIEHMI) C HCTIONH30BAHUEM
OCHOBHBIX TIOJIO)KEHUH M 3aKOHOB
ANEKTPOAMHAMHUKH: 3aKOH
COXpaHEHUS DIIEKTPUIECKOTO
3apsaa, 3akoH Kynona,
MOTEHIINATEHOCTh
AIIEKTPOCTATHYECKOTO TTOJIS,
TIPUHIIAT CYTIEPIIO3UIIHH
ANEKTPUYECKUX MTOJIEH.
Ucnonp3oBanue IT-Texnonoruil npu
paboTe ¢ TOMOITHNUTENEHBIMHA
MCTOYHUKAMH WH(POPMAIUH TIO TEME,
WX KPUTUYECKUN aHAIIN3 U Ol[EHKa
JIOCTOBEPHOCTH

4.2

[TocTosiHHBIN
3JIEKTPUYECKUM
TOK

24

Cuna Toka. [TocTogHHEBIN TOK. Y CIIOBUS
CYIIIECTBOBAHUS TTOCTOSHHOTO
AJIEKTPUUECKOro ToKa. lcTouHuKH

[IpoBeneHue NpsIMbIX U3MEPEHUI
CHJIBI TOKA U HAIPSDKEHUS,
KOCBEHHBIX U3MEPEHHUH YJIENBHOTO

bu6moreka [JOK
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toka. Hanmpsoxenne U u D/IC &. 3akon
OmMa 1t ygacTKa IIer.
DNEKTPUIECKOE COMPOTUBIICHHE.
3aBUCUMOCTD COIPOTUBIICHUS
OJTHOPOJHOT'O TIPOBOIHUKA OT €ro
JUIMHBI Y TUJIOIIA/IU IIOIIEPEYHOr O
cedeHUs. Y IebHOE COMPOTHBIICHUE
BemecTtBa. [locnemoBaTenpHoOE,
napajuieIbHOe, CMEIIaHHOE
COEJMHEHNE MPOBOJHUKOB. Pacuér
Pa3BETBIEHHBIX JIEKTPUUECKUX LIETEH.
[paeuna Kupxroda. Pabora
3JIEKTPUYECKOTr0 TOKa. 3akoH J[xoyis-
Jlennia. MOIIHOCTB AJIEKTPUYECKOTO
ToKa. TerioBast MOITHOCTb,
BBIZENsIeMast Ha pesncrope. D/IC u
BHYTpPEHHEE CONPOTUBIICHNE UCTOTHNKA]
ToKa. 3akoH OMa IS TIOMHOM
(3aMKHYTOM ) DJIEKTPUIECKOMN TICTIH.
MormuHocThs ucTouHuKa Toka. Koporkoe
3ambIkanue. KongeHncatop B menu
IIOCTOSTHHOTO TOKa. TexHu4eckne
YCTPONCTBA M TEXHOJIOTHYECKIE
MIPOIIECCHI: aMITIEPMETP, BOIBTMETP,
peocTaT, CYETUUK AIEKTPUUECKON
SHEPTUHu

conpotusienus, IC u
BHYTPEHHETO COIIPOTHUBIIEHHUS
HCTOYHHUKA TOKa, TPOBECHNE
HCCIIEIOBAaHUM 3aBUCUMOCTEN
(1)I/I3I/I‘-ICCKI/IX BCJIIMYUH U OIIBITOB I10
MPOBEPKE MPEI0KEHHOW TMIOTE3bI
IIPU U3YYEHUU LENE TIOCTOSIHHOTO
Toka. OnpeneneHre abCOMOTHBIX U
OTHOCHTCIBHBIX HOFpeIHHOCTeﬁ
U3MepeHU (PU3NYCCKUX BETUYMH.
OreHka rpaHuI] MOTPENTHOCTEH.
M3ydeHne KOpoTKOro 3aMbIKaHUs
rajJbBaHUYECKOTO JIEMEHTA U
OLIEHKA BHYTPEHHETO
conportuBieHus. Pemienue
pacu€THBIX 3aJ1a4 C SIBHO 3aIaHHOU U
HESBHO 3aJIaHHOHN (pU3NUCCKOM
MO/IENTBIO C UCIIOJIH30BAHUEM
OCHOBHBIX 3aKOHOB U (hOpMyI
IIOCTOSIHHOT' O TOKa. Pemienue
KaueCTBEHHBIX 3a]1a4, TPEOYIONX
MIPUMEHEHsI 3HAaHUW ¥ 3aKOHOB
MOCTOSTHHOTO TOKa. OOBsiIcHeHNe
YCTPOICTBA U IPUHLIMIIA JCHCTBUS
aMIiepMerpa, BOIbTMETPa, PeocTara,
CUETYHKA DIIEKTPUIECKON IHEPTHUU.
BrmonHenne yueOHBIX 3aMaHuid Ha
aHaJN3 DJIEKTPUIECKUX TPOIIECCOB
(sIBIIEHUIT) C HCITONTB30BAaHUEM
OCHOBHBIX TIOJIO)KEHUH M 3aKOHOB
ANEKTPOAMHAMHUKH: 3aKOHBI OMa 15t
y4acTKa [elH | I 3aMKHYTOMH
AJIEKTPUYECKON eI, 3aKOH
Jxoyns—Jlenma. PaGora B rpymnmax
mpu 00CYXKIEHUH BOIIPOCOB
MEXKIOPEIMETHOr 0 Xapakrepa




(Hampumep, o Teme
«DJNEKTPUUECKUE SIBJICHUS B
TIPUPOJIEN)

43 | Tokus 6 DneKkTpudecKas IpoBOANMOCTD M3YYCHHUE 3aKOHOB JICKTPOIN3a
Pa3IHYHBIX Pa3IMYHBIX BEIECTB. DIEKTPOHHAS Oapanes. CHATHE BOTBT-aMIIEPHOM
cpenax MIPOBOIMMOCTH TBEPJIBIX METAJLIOB. XapakTepucTuku auona. CpaBHeHHE

3aBHCHUMOCTb CONPOTHUBIICHUS MPOBOANMOCTH METAJUIOB H
METAJJIOB OT TEMIIEPATYPHI. MOJTYPOBOIHUKOB. 3yueHue
CBepXIIpoBOANMOCTb. DJIEKTPUIECKUN | HUCKPOBOT'O paspsia u
TOK B BakyyMme. CBOWCTBa 3JIEKTPOHHBIX| MPOBOAMMOCTH BO3ayXa. Pemenne
y4koB. [TonynpoBogHUKH. Ppacy€THBIX 3aJa4 ¢ SIBHO 3aJaHHOW 1
CobcTBeHHas 1 mpuMecHas HESIBHO 33JIJaHHON (PU3NIECKOI
MIPOBOJMMOCTH TIOJIYTIPOBOTHUKOB. MO/JIENTBIO C UCIIOJIB30BAHUEM
CgoiicTBa p-N-mepexona. 3aKOHOMEPHOCTEHN MOCTOSTHHOI'O
[MonynpoBogHUKOBBIE TPHOOPHI. TOKa B Pa3NUYHBIX cpenax. Pemenne
DNEeKTPUYIECKHI TOK B DJIEKTPOIUTaX. | Ka4eCTBEHHBIX 3a/1ad, TPEOYIOIIX
DJeKTPONUTHYECKAS TUCCOITHALIHS. IIPUMEHEHNS 3aKOHOMEPHOCTEH buommoreka [IOK
Onextponus. 3akonsr Dapaaes st MTOCTOSTHHOT'O TOKA B Pa3IMIHBIX https://m.edsoo0.ru/f16b68d7
JJICKTPONH3a. DIEKTPUICCKIH TOK B cpenax. OOBSICHEHNE yCTPOUCTBA U
razax. CaMoCTOSITEeTbHBIN U MIPUHIIATIA ACHCTBUS ra30pa3psaHbIX
HECaMOCTOATENBHBIN pa3psi. JIaMTI, SJIEKTPOHHO-TYy4IEBON TPYOKH,
PaznuynbIe TUTTBI CAMOCTOATENBHOTO TTOIYTIPOBOHUKOBBIX TTPUOOPOB:
pazpsiga. Monuus. [lnazma. iona, TpaH3ucropa, GoToanoa,
TexHU4eCcKne yCTpONCTBA U ceeroauona. OObsICHEHUE CYTH
MIPaKTUIECKOE IPUMEHEHHE: MIPOIIECCOB: TATbBAaHUKH,
ra3zopaspsAHbIE JTaMIIbl, 3JIEKTPOHHO- padUHUPOBAHUS MEIH, BHITLIABKH
TydeBas TpyOKa, OTYIPOBOJHUKOBBIC | aIFOMUHUS, SJIEKTPOHHOM
IPUOOPHL: U0, TPAHIUCTOP, MHUKPOCKOITHHT
(hoTtoanon, CBETOANO/, TaTbBaHUKA,
padwuHUpOBaHKE MEIH, BEIIUIABKA
ATFOMHHHS, DJIEKTPOHHAS MUKPOCKOITHUS

Wroro mo paznemy 54 2

Pa3zgen 5. ®uzuuecku

i IPAKTUKYM

5.1

dusnueckuit
MIPaKTUKYM

16

16

CriocoObl u3MepeHus (PU3NIECKUX
BEJIMYUH C HCIOJIb30BAaHHEM

AdHAJIOI'OBBIX M LII/I(i)pOBLIX

[IpoBeneHre KOCBEHHBIX
U3MEPEHUH, UCCIIEAOBAHUI
3aBUCHMOCTEH (hU3HUECKHIX

bu6mmoreka [JOK
https://m.edsoo.ru/f16b68d7



https://m.edsoo.ru/f16b68d7
https://m.edsoo.ru/f16b68d7

U3MEPUTENBHBIX TPHOOPOB U
KOMITHFOTEPHBIX JTATYMKOBBIX CHCTEM.
AOCOIIOTHBIE 1 OTHOCUTEIBHBIE
MOrPEITHOCTH U3MEPEHHH (PU3NUECKUX
BenuunH. OlLleHKa TPaHHI]

BCIIMYHMH, ITPOBCPKA MPEATTOKCHHBIX
runore3 (BBIOOpP U3 pabor,
OITMCAaHHBIX B TEMATHYCCKUX
pazaenax «Y4eHU4eCKUn
JKCHEPUMEHT, TabopaTopHbIe

MOTrPEIIHOCTEN paboThI, MPAKTHKYM))
Wroro no pazueny 16
PesepBHOE Bpemst 10 bubnuoreka [JOK
https://m.edso0.ru/f16b68d7
OBILIEE 170 16
KOJIMYECTBO
YACOBTIIO

I[TPOI'PAMME



https://m.edsoo.ru/f16b68d7

CIIOCOBbI OHEHKHA JOCTUKEHUA YYAIIUMUCA ITVTAHUPYEMbIX
PE3YJIbTATOB
3agaun IKOJBHON OTMETKH:

1.O1™MeTKa gBIIE€TCS CPEICTBOM TUATHOCTUKHU 00pa30BaTEIbHON €S TEIbHOCTH.
2.0TMeTKa SIBIISIETCS CBA3YIOIIUM 3BEHOM MEXY YIUTEIEeM, 00yJarOIIUMCS U POIUTEIISIMH.

IIpuHUMNBI BBICTABJIEHUS IIKOJIbHOW OTMETKH

1.CripaBeIMBOCTh M OOBEKTUBHOCTD

2.Y4éT BO3pACTHBIX U HHIUBUIYATbHBIX 0COOCHHOCTEH 00yJatOIIIXCS.

3.I'macHOCTb U MPO3PAYHOCTh - 3TO JOCTYIHOCTh U MOHATHOCTh HH(pOpMauu 00 y4eOHbIX
JOCTHUXKEHUSIX 00yUYaroIuXCsl.

4.CBOEBPEMEHHOCTH - OTMETKA BBICTABJISIETCS IPH YCTHOM OTBETE B KOHIIE YPOKa, 3a
MUCbMEHHBIE U JJaOOpaTOpPHBIE pabOTHI HA CIEAYIOIIUNA YPOK MOCIE TPOBEPKHU.

OuenKa yCHHbIX OMEenm o6 00YUaouuxcs.

OTtMeTKka 5 cTaBUTCS B TOM Cilydae, €clid 00ydJaroluiics NOKa3bIBaeT BEpHOE TOHUMaHKE
(bu3uUgecKoit CyIHOCTH pacCMaTPHUBAEMBIX SBIICHHHA M 3aKOHOMEPHOCTEH, 3aKOHOB 1 TEOPHH,
JTAET TOYHOE OTPEICIICHNE U UCTOJIKOBAHNE OCHOBHBIX TTOHITHH, 3aKOHOB, TEOPUH, a TAKKE
MIPaBUIILHOE OTIpe/IeIeHIe (PU3MUECKUX BEJIMYUH, UX €UHUI] U CITIOCOOOB U3MEPEHNS,
MPABUIILHO BBITIONHSET YEPTEKHU, CXEMBI U TPa(QHUKH; CTPOUT OTBET MO COOCTBEHHOMY ILJIaHY,
COITPOBOXKIAET PAacCKa3 HOBBIMHU MIPUMEPAMHU, YMEET MMPUMEHUTH 3HAHUSI B HOBOW CUTYallMU
MPY BBIMOJHEHUU MTPAKTHYECKUX 3aIaHUI; MOYKET YCTAHOBUTD CBSI3b MEKY HU3Yy4a€MbIM U
paHee U3y4eHHBIM MaTEPHUAIIOM TI0 KypCcy (PH3UKH, a TaKXKe C MaTepHUaioM, YCBOSHHBIM TTPH
W3YyYECHUU JPYTUX MPEAMETOB.

OTtMeTKka 4 cTaBUTCS, €CITU OTBET 00YYaIOIIETroCs YAOBIETBOPSIET OCHOBHBIM TPEOOBAHUSM K
OTBETY Ha OLIEHKY 5, HO JaH 03 UCIOJIb30BaHUsI COOCTBEHHOI'O IIaHa, HOBBIX MPUMEPOB, 03
MIPUMEHEHMs] 3HAHUI B HOBOM CUTYaIuu, 0e3 UCIOJIb30BaHUSI CBSI3EH ¢ paHee U3y4eHHbBIM
MaTepHuaJIoM U MaTEepPHUaJIOM, YCBOSHHBIM IIPH U3YYCHHUH IPYTUX MPEIMETOB; €CIN YJalluiics
JOITYCTUJI OJIHY OIIMOKY HJIM He 6oJiee IBYX HETOYETOB U MOXKET X UCIPABUTH
CaMOCTOSITEJIBHO WU C HEOOJIBIION TOMOIIIBIO YUUTETIS.

OTtMmeTka 3 cTaBUTCS, €clii 00yJaroIIuiics MPaBUIbHO OHUMaET (HU3NYECKYIO CYIIIHOCTh
paccMaTpuBaeMbIX SIBICHUI U 3aKOHOMEPHOCTEH, HO B OTBETE UMEIOTCS OT/AEIbHBIE TPOOEIBI
B YCBOGHUHU BOIIPOCOB Kypca (pU3UKH, HE MPENSTCTBYIOUIUE AajbHEeHIIeMy YCBOCHHIO
MIPOrPaMMHOTO MaTepuaia; yMeeT MPUMEHSTh MOTy4YeHHbIe 3HAHUS MPU PELICHUH MPOCTHIX
3a/1a4 ¢ UCIOJIb30BAHMEM TOTOBBIX (DOPMYIL, HO 3aTPYIHSAETCS MPU PEIICHUH 3a]ad,
TpeOyIKX MpeoOpa3oBaHms HEKOTOPBIX (hOPMYJT; TOTYCTHII HE OoJiee 0JTHON TpyOoi
OIMOKH M IBYX HETOUYETOB, HE O0JIee OJHOM rpy0oit M OJHOM Herpy0oit ommoOKy, He OoJiee
IBYX-TpEX HErpyOBIX OIMOOK, 0OIHOM HErpyOoil OIMOKU U TPEX HEAOUYETOB; TOMYCTUI
YeThIpe UITH MSTh HEJJOUETOB.

OTmeka 2 CTaBUTCS, €CITM 00yJaIONIUICs HE OBJIaJIe] OCHOBHBIMU 3HAHUSIMH U YMECHHSIMU B
COOTBETCTBUU C TPEOOBAHUSMU MPOTPAMMBI U AOMYCTHII OOJIbIIE OMIMOOK U HETOUETOB, YEM
HEOOXOAMMO IJISI OLICHKH 3.

Otmerka 1 He cTaBUTCA.

[Ipu orieHUBaHUM YCTHBIX OTBETOB O0OYJAIOIIMXCS IEIeCO00pa3HO MPOBEACHUE
MORJIEMEHTHOTO aHAJIKM3a OTBETa Ha OCHOBE MPOTPaMMHBIX TPeOOBaHHI K OCHOBHBIM




3HAHUSM U YMEHUSIM OOYUaIOMINXCsl, a TAKKE CTPYKTYPHBIX SJIEMEHTOB HEKOTOPBIX BUIOB
3HAaHUH U yMEHHH, YCBOCHHE KOTOPHIX 1eJIeCO00Pa3HO CUNTATh 005S3aTEIIbHBIMH
pesynbTatamu o0yueHus. Huxe npuBeneHs! 00001eHHBIE MJIaHBI OCHOBHBIX 3JIEMEHTOB
(bu3nIeCKuX 3HAHUH.

Onemenmol, gbloeenHble KyPCUBOM, CHUMAIOMCS 00A3AMENbHLIMU PE3YIbMamami. 00y4eHus,
m.e. MO me MUHUMATbHblE MPeDOBAHUs K OMEemy yuauje2ocs 6e3 8bINOIHeHUs KOMOPbIX
HEeBO3MOJICHO BbICIABIEHUE YO0BIEeMEOPUMENbHOU OYEHKIL.

QDu3uueckoe asieHue.

1. [Ipu3Haku siBJIeHUS, 10 KOTOPBHIM OHO OOHApYyKUBAeTCs (WK OIPEEIICHUE).
2. YcnoBusl, pu KOTOPBIX TPOTEKAET SIBICHHUE.

3. CBS13b JAaHHOTO SIBJICHUSI C IPYTUMHU.

4. O0bscHeHHE SBJICHUS HA OCHOBE HAYYHOU TEOPHH.

5. [Ipumepsl UCI0JIb30BaHUS SIBJIEHUS Ha MPAKTUKE ( IPOSBICHUS B IPUPOJIE)

QDu3uueckuil onvim.

1. Llens onbiTa

2. Cxema omnbITa

3. YcinoBus, NpU KOTOPBIX OCYIIECTBIISETCS OMBIT.
4. Xon onbITa.

5. Pe3ynbrat omnbITa (€ro HHTEpIIpeTaIns)

QDu3uueckan eenuuuna.

1. Ha3BaHue BETMYMHBI M €€ YCIOBHOE 0003HAYCHHE.

2. XapakTepu3yeMblii 00BbEKT (SIBJIECHUE, CBOMCTBO, MPOIIECC)
3. Onpenenenue.

4. ®opmyna, CBA3bIBAIOLIAS JAHHYIO BEIMYMHBI C IPYTUMHU.
5. EnvHUIBI U3MEpEeHUS

6. CriocoObI U3MEpEHUsT BETUYUHBI.

Du3zuyeckuil 3aKoH.

1. CnoBecHast (hopMyITHpPOBKa 3aKOHA.

2. MaremaTH4ecKo€e BbIpaKEHUE 3aKOHA.

3. OnbIThl, MOATBEPKIAIOIINE CIIPABEIIUBOCTD 3aKOHA.
4. ITpumepbl TPUMEHEHUS 3aKOHA HA MPAKTHUKE.

5. YcnoBust NpUMEHUMOCTH 3aKOHA.

QDu3zuueckan meopus.

1. OnbITHOE 000CHOBAHUE TECOPHUH.

2. OcHOBHBIE MOHSATHS, MMOJOKEHHUS, 3aKOHBI TPUHIIUIIBI B TCOPHH.
3. OCHOBHBI€ CII€JICTBUS TEOPHUHU.

4. IlpakTyeckoe NpUMEHEHUE TEOPHUU.

5. I'paHuLIBI TPUMEHUMOCTH TEOPUHU.

Ilpubop, mexanusm, mauiuna.

1. Ha3nauenue ycTpoicTBa.

2. Cxema ycTpoKCTBa.

3. [IpuHuMn necTus ycTpoiicTea

4. TlpaBuna 1oyb30BaHUs U IPUMEHEHUE YCTPONUCTBA.
Du3suueckue umepenus.



1. OnpeneneHve EHBI IEICHUS U TIPEJIeNia U3MEPEHHsI PUOopa.

2. Onpenensth aOCONMIOTHYIO TIOTPEITHOCTD U3MEPEHUS TIpUOopa.

3. OTOupate Hy>KHBIH TPUOOP U MPABUIHHO BKIIOYATh €T0 B YCTAHOBKY.

4. CHumatb nokaszaHus npuOopa u 3aluchiBaTh UX C yU€TOM aOCOJIFOTHOM MOTrPEIIHOCTH
H3MEpPEHUsl.

5. OnpenensiTh OTHOCUTENbHYIO OTPEIIHOCTb u3MepeHui (10-11 kmaccer).

Ouenka RUCbMEHHBIX U KOHMPOJAbHBIX DADOm.

OTtMmeTKa 5 craBuTCs 32 pabOTYy, BBHIIIOJHEHHYIO IMOJTHOCTHIO 0€3 OMMOOK U HEJOYETOB.

OtMmertka 4 ctaBuTCS 32 pabOTY, BBIIIOJHEHHYIO MOJHOCTHIO, HO MTPH HAJIMYUU B HEHM HE
OoJiee 0IHOM HErpyOOii OIIMOKHU U OJTHOTO HeZouéTa, He Oosiee TpEX HET0UETOB.

OTmeTka 3 cTaBUTCS, €CJIU 00YJAIOIINIICS TPaBUIILHO BBITIOJIHUI HE MeHee 2/3 Bcel paboThl
WJTU JIOTIYCTHII HE 0oJiee OJHOM rpyOoid OITMOKHY 1 IBYX HEA0UYETOB, HE OoJiee 0THOU TpyoOoit
Y OJTHOU HErpyOoi oImmoOKH, He Oosiee TPEX HETpyObIX OMMOOK, OJTHOW HETpyOOoit OMmMOKH U

TPEX HEAOYETOB, IIPU HAJIMYUU YETHIPEX-TISATU HENOYETOB.

OTMmeTKa 2 CTaBUTCSI, €CJIA YUCJIO OMUOOK U HEAOUYETOB MPEBBICHIIO HOPMY IS OTIEHKH 3
WM MPaBUJIBHO BBITIOJTHEHO MeHee 2/3 Bceil paboThl.

OtMmetka 1 He cTaBUTCA.

Ouenka npakmuyeckux u 1a0opamopHuvlix paoom.

OTMeTKa 5 cTaBuUTCS, €CIIM 00YJAIOIIUICS BEITTOIHSACT pabOTy B OJTHOM 00BEME C
coOIroICHHEeM HE0OX0TMMOM MTOCIICIOBATEILHOCTH TPOBEICHHS OIIBITOB M H3MEPEHUI;
CaMOCTOSITCIIBHO M PAIllMOHATIBHO MOHTHPYET HEOOXOAMMOE 000PYI0BAHUE; BCE OIBITHI
IIPOBOJIMT B YCIOBHUAX M PSKUMAX, 00CCIICUMBAIOIINX TOJYyYCHUE MPABUIBHBIX PE3YJIbTATOB
Y BBIBOJIOB; COOJIFO/IaeT TPEOOBAHMS MPABUII TEXHUKH 0€301aCHOCTH; IPABHIILHO U
AKKypaTHO BBITOJIHACT BCE 3aIKUCH, TaOIUIIBI, PUCYHKH, YEPTEKH, IPAPUKH, BEIYUCICHUS;
MIPABUIIBHO BBIMIOJIHSCT aHAJIU3 ITOTPEITHOCTEH.

OTtMmeTKka 4 cTaBUTCS, €CITU BBINOJIHEHBI TPEOOBAHUS K OTMETKE 5, HO OBLIO JIOMYIIEHO JBa-
TpH HesouéTa, He OoJiee OJHON HerpyOoil OIMOKU U OTHOTO HEeIOouETa.

Otmerka 3 CTaBHUTCA, €CIIN pa60Ta BBIINIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM BBITIOJIHEHHOM
YaCTHU TaKOB, YTO ITIO3BOJIACT IMOJYYUTH HpaBI/IHBHHﬁ PE3YIbTAT U BBIBOJ, €CJIN B XOIC
IIPpOBCACHUA OIIbITA U USMCPCHUA ObLIU JAOIIYHICHBI OIIHOKH.

OtMeTKa 2 CTaBHUTCA, €CIIN pa60Ta BBIIIOJIHEHA HE TIOJIHOCTBIO U 00BEM BBIIIOJIHEHHON YacTH
pa60T HEC NIO3BOJIICT CACJIATh NPABUJIBHBIX BBIBOIOB; €CJIN OIIBbIThI, U3MEPCHUS, BBIYNCIICHU,
Ha6J'IIO,Z[eHI/I$I MMPOU3BOJUIINCH HCIIPABUIIBHO.

Otmerka 1 He cTaBUTCA.

Bo Bcex ciyuasx olleHKa CHIDKAETCS, €CIM YIEHUK HE COOII0IAII IpaBIIa TEXHUKH
0€30IMacHOCTH.

Ilepeyenn ommoOK.




I'pyObie OINOKHU:

1. He3nanue onpeneneHuit OCHOBHBIX MOHITHH, 3aKOHOB, IIPABUJ, OCHOBHBIX MOJIOKEHUN
TeopuH, GopMyI1, OOHMIETIPHHITHIX CHMBOJIOB 0003HAUYEHUS (PHU3UUIECKUX BEITHUUH, SAUHUL] HX
H3MEpPEHUsl.

2. HeymeHue BbIACTUTD B OTBETE IJIABHOE.

3. HeymMeHue npuMeHsTh 3HaHUS JUIsl pELIeHUs 3a/1a4 U 00bsCHEHUS! PU3NYECKUX SBJICHUM;
HENPaBWIBHO CPOPMYIHPOBAHHBIE BOIIPOCHI 3a/1a4M UM HEBEPHBIE 00BACHEHUS X0/a €€
pellIeHts; He3HaHUE TPUEMOB PELLIEHUS 3ajay, aHAJIOTHYHBIX paHEE PEIIEHHBIM B KJIacce,
OIIMOKH, TIOKA3bIBAIOIINE HETPAaBIIIbHOE IOHUMAHNE YCIOBHS 331a4y MITH HEMIPABUIIbHOE
HCTOJIKOBAHUE PEILLICHUS.

4. HeymeHHe 9UTaTh U CTPOUTH TPaPUKU U TPUHITUITHATEHBIC CXCMBI.

5. HeymeHune noAroToBuTh K paboTe yCTaHOBKY MJIU J1abopaTOpHOE 000py/I0BaHUE,
IIPOBECTHU OTIBIT, HEOOXOIMMBbIE PAaCU&Thl, MJIM UCIIOJIb30BATh NOJyYEHHbIE JAHHbIE IS
BBIBO/IOB.

6. HeOpesxxHOE OTHOIIIEHHE K JIA0OPAaTOPHOMY 000PYIOBAHUIO i H3MEPUTEIHHBIM
npudopam.

7. Heymenue onpeenuTh MokKa3aHUE U3MEPUTEIHLHOTO TIprbopa.

8. Hapymienue tpeboBaHmii npaBui 6€301aCHOTO TPy/ia IIPH BBIIIOJHEHUHU SKCIIEPUMEHTA.
HerpyoOblie omuOKu

1. Hetounoctu ¢hopMyaupoBOK, oNpeieieHul, MOHATHI, 3aKOHOB, TEOPHii, BbI3BAHHBIE
HEMOJHOTON 0XBAaTa OCHOBHBIX IIPU3HAKOB OIIPEEISIEMOr0 OHATHS, OLIMOKHU, BbI3BAHHBIE
HECOOJIIOJIEHHEM YCIIOBUI MPOBEJEHNUN OIIbITA WM U3MEPEHUH.

2. OmmbOKy B yCIOBHBIX 0003HAUEHHSIX HA IPUHIUIHAIBHBIX CXeMaX, HETOYHOCTH
4epTekel, TpauKoB, CXEM.

3. [Ipomyck UM HETOYHOE HaNMCAaHNE HAUMEHOBAHUHN €IMHUL (PU3MUECKUX BEINYHH.

4. HepanmioHabHBIN BBIOOP X0/1a PEIICHUSI.

Heno4éThbl

1. HepanuonanbHble 3a1IUCH NIPU BBIUMCIICHUAX, HEPAIMOHATIbHBIC TPUEMBI BHIYMCIICHUH,
npeoOpa3oBaHUi M peIIeHUH 3a1a4.

2. ApudmeTrueckne OMUOKY B BBIYUCICHUSIX, €CIIU 3TU OLIUOKU Tpy0O HE MCKaXKaIOT
pEeaIbHOCTH MOJYYEHHOTO pe3ysbTara.

3. OtaenbHbIE MOTPEIIHOCTH B (OPMYIUPOBKE BOIPOCA UM OTBETA.

4. HeOperxHoe BBITIOJNHEHHUE 3aIKCei, YepTEeKel, cXeM, TpaduKoB.

5. Opdorpaduueckre U MyHKTYyallHOHHBIE OIIHOKH.

Buvicmasnenue ommemox 8 dicypua.

. OTMmeTKa 3a YCTHBINM OTBET BBICTABIISICTCS B KOHIIE YPOKa, 32 MMCbMEHHBIE pa0OThI Ha
CIIEYIOIIUN YPOK TOCIIE BBITMOTHEHUS PabOTHI.
. [Ipu HEy1OBIETBOPUTENBHONW OTMETKE 110 MTUCBMEHHBIM TPOBEPOYHBIM U

nabopaTOpHBIM paboTaM oOydaromumcs 1aéTcs BO3MOXKHOCTh €€ IepeciaTh B T€UEHUE JIBYX
HEJEIb.

o OTMeTKH 32 KOHTPOJIbHYIO pabOTy BBICTABIISIOTCS B )KypHAJl Ha CIETYIOLIUI ypoK
1ociie KOHTPOJIbHON paboThl. OTMETKY «2», MOJYYEHHYIO Ha KOHTPOJIBHOI pabdoTe,
0Oy4Jaromuicst MOKeT UCTIPaBUTh B TEUEHHUE JIBYX HEJEIb I0CIIe OObSIBICHUS PE3yIbTaTOB
KOHTPOJILHON paboThl. B TedeHne 3Toro BpeMeHn OTMeTKa «2» B AKYypHaJI HE BBICTABIISIETCS.
Otmetka B )xypHasie o Teme KP nosmkHa ObITh BRICTaBlIeHA B T€UEHHUE 2-X HEAETb 10 (PakTy
BBITIOJTHEHUS pabOThI, 1aTa KOTOPOH 3aUKCHUpOBaHA B TETPaIH sl KOHTPOJIBHBIX paldoT.



. VY4eHHKY, BBIIIEIIIEMY ITOCIE JUTUTEIHHOTO MpoIitycka (6oiee 3 ypoKoB) Ha
TEMaTUYECKUHM KOHTPOJIb, OTMETKA BBICTABJISIETCS B )KYPHAJI 110 COIVIALIEHUIO C YYaIUMCS.

. OTMeTKa MOKET OBITh BHICTABIICHA 32 OTBET 00YJAIOIIEMYCsl, KOTOPBIA OTCYTCTBOBAI
Ha IPEIbIIYLIEM YPOKE, B CIIydae €Ciau YPOK MPUXOJUTCS HE Ha MEPBBIM JIEHb €ro
peOBIBaHUS B IIIKOJIE TTIOCIIE OTCYTCTBHS.

J [Tpu HEO6XOIMMOCTH MPOITYIICHHBIE TEMBI MOXKHO CIIaTh B TEYEHHUE JIBYX HEICIb.
OTMeTKa B )KypHaJIe TOJDKHA OBITH TIOCTaBIIeHA MO (haKTy Nepeciadn, JaTa BBITIOTHEHUS
KOTOPO# 3a)MKCUPOBAHA B TETPAJAX IS IPOBEPOUYHOH, TaOOPATOPHOH HITM KOHTPOJILHOM
pabor.

J 3a TBOpueckue paboThl ydamuxcs (Mpe3eHTaluu, POEKThl, J0KIa/bl) BHICTaBIISIFOTCS
TOJIBKO IMOJIOKUTETIbHBIE OTMETKH.

Kpumepuu gvicmagienusa ommemok 3a uemeepms (nonyzodue, 200).

. OreHka 3a 4eTBepTh (MOJIYroAUe, TOT) BHICTABIISIETCS «B TOJIb3Y YUCHHUKA» C YIETOM
«Beca OIICHKW» (KOHTPOJIbHAsI paboTa U caMoCTosATENbHAsE paboTa UMEIOT OOJIBIIINIA BEC, YEM
YCTHBIN OTBET WK paboTa y 1ockn). OTMeTKa 3a 4eTBepTh (IOJIYroiue) BhICTABISETCS Ha
OCHOBE TEKYIIIMX OTMETOK 3a YCTHBIE OTBETHI, TAOOPATOPHBIEC U TUCEMEHHBIE PA0OTHI.
OTMeTKH 3a KOHTPOJIBHBIE M CAMOCTOATEIbHBIE pa0OTHl YUUTHIBAIOTCS TIPH BBICTABIICHUH
YETBEPTHBIX (TIOJIYTOJOBBIX, TOJOBBIX) OTMETOK B MEPBYIO OYEPE/Ib.

. OtmeTKa «5» He MOKET ObITh BBICTABJIEHA B YETBEPTH (TIOJIYTOJIUM), €CITU
00yJaroIINIiCs UMEET 3a KOHTPOJIBHYIO paboTy «3» WIIH «»; OTMETKA «4» HE MOXKET ObITh
BBICTaBJICHA, €CJIM 32 KOHTPOJIbHYIO pa0OTy MOJydeHa OTMETKA «2».

. OtMmeTKa «5» MOXET OBITh BHICTABIICHA 3a MOJIYyroane (YeTBEPTh), €CIU
00yJaroIIUIiCs 32 YCTHBIM OTBET MOJYYHIT «3%» KaK €IMHUYHBIN CITydaid mpy OOJIBIIUHCTBE
TEKYIIUX OTMETOK «5».

. OtMmeTKa «4» MOXET OBITh BHICTABIICHA 3a MOJIYyroane (Y€TBEPTh), €CIU
0OYJarOIINIICS 32 YCTHBIM OTBET MOJTYYHIT «2» KaK SAUHUIHBIA CITydail Ipu OOJIBIITUHCTBE
TEKYIIUX OTMETOK «4» U «S».

J Ecnu, npu BbICTaBI€HUH OTMETOK B YETBEPTH (IIOJIyTOAUM), Y OOyUaroLIerocs
MMOPOBHY OTMETOK «3» U «4», WM Ke «S5» U «4», WIH ke «2» U «3» U HET BO3MOYKHOCTHU €ro
OTPOCHUTb, TO OTMETKA CTABUTCA B MOJIB3Y Y4aIlErocs.

Ouenka evlnoJinenus 3a0anuii mexKyulezo KOHmpoasa (mecmoevie npogepourvie padomnisvl)

OtmeTtka «5». OtBet conepxkut 90-100%31eMeHTOB 3HAHUA.
Otmetka «4». OtBet conepxut 70-89% 351eMEHTOB 3HAHUM.
Otmetka «3». OtBeT coaepxkut 50-69% 371eMEeHTOB 3HAHUH.
OtmeTtka «2». OTBeT conepxutT Menee 50% 371eMEHTOB 3HAHUM.

Buowt u ghopmot konmposn.
J1J1s OIIeHKH TIPEeIMETHBIX YUeOHBIX JOCTH)KEHHUI 00YUYaIONIUXCs UCTIOIb3YeTCs:

Buabl koHTpOJIA DopMBbI KOHTPOJIA

1. BXo1HO#, TPOMEKYTOUHBIN U UTOTOBBIN B Buze n1narHoCcTUYECKUX aAMUHUCTPATUBHBIX
KOHTPOJIb cpe3oB u KP no ninany mikossl

2. TemaTnueckuil KOHTPOJIb KoHTponbsHBIe paboTHI IO TEMaM:

(B BHJIE KOHTPOJIBHBIX M MPOBEPOUHBIX
pabor).




3. Tekymuii KOHTPOJIb (MHAUBUIYAIBHOE,
(bpoHTaNTBHOE, TPYIIIOBOE OLICHUBAHHE)
IIpuMeuanue: OTMETKH B )KypHAI 3a
TECTOBBIE, IUArHOCTUYECKUE U
CaMOCTOSITENIbHBIE pabOTHl, (hr3HUECKUe
JTUKTAHTBI, @ TAKXKE 34 BCE YKa3aHHbIE BU/IbI
paboT Bo BTOPOIi rpade TabIuIb!
BBICTABJISIFOTCS] BBIOOPOYHO.

-YO-yCTHBIE OTBETHI ydalIUXCs

- JI-pusndeckue TUKTaHThI

-PT — pacnipenenurenbHblii TeCT (3a1aHus
yacTtu B)

-TBO — tect ¢ BIOOpOM OTBETA
(anmpTEpHATHUBHBIN)

-TC — Tect camonpoBepku

-TPK — TecT pyOe:xHOro KOHTpos (mociie
W3Yy4YEeHUS pa3jiena)

-JIP — nuarnoctuueckas paboTa (mpoBepka
JOCTH)KEHUH TUTAHUPYEMBIX PE3yJIbTaTOB Ha
0a30BOM YpOBHE CJIOKHOCTH, KOPPEKIIHS)

CII — camormpoBepka

CK — caMOKOHTPOJIb (CaMOOTIEHKA)

BII — B3anMonpoBepka

PV — pabora ¢ yueOHUKOM

OK — onopHBII KOHCITEKT

COK — cBOi#1 OTIOpHBIN KOHCIIEKT (CBOSI OTIOPa)
MK/CJIK — MeHTanbHas KapTa/CTPyKTYPHO-
JIOTUYECKUIN KOHCTIEKT

CP — camocrosiTenpHas paboTa

JCP — nomanrHsisi caMOCTOSITeNIbHAsI paboTa
JIIP — nomamssst mpakTu4eckas padbora
(ombIT, MOZIEH, TPUOOD...)

PK — pabora o xapToukam

PMcp — pazparounslii Mmatepuan aist CP B
KJIacce U JoMa

Texkct®C —TeKCT HU3UIECKOTO COIep KaHus
-IIpeseranuu, cooOUIeHUS, TOKIIAIbI, TPOEKTHI




YYEBHO-METOIAUYECKOE OBECIIEYEHHUE
OBPA3OBATEJIBHOI'O ITPOLHECCA

OBA3SATEJIBHBIE YYEBHBIE MATEPHUAJIBI I YYEHUKA
®dusuka, 10 knacc/ Maxumes I'.4., Byxosues b.b., Corckuit H.H.; noa
penakuueit [lapbentreBoit H.A. AkiimonepHoe obmectBo «M3naTenscTBo
«IIpocsemenue»

METOJINYECKHUE MATEPHAJIBI IJISA YYUTEJISA
https://edsoo.ru/metodicheskie videouroki/
https://easyen.ru

HU®POBBIE OBPA3OBATEJIBHBIE PECYPCBI U PECYPCBI CETH
HUHTEPHET

www.phet.colorado.edu/en/simulations
www.vascak.cz/physicsanimations.php
http://www.fizika.ru/catalog.php



https://edsoo.ru/metodicheskie_videouroki/
https://easyen.ru/
http://www.phet.colorado.edu/en/simulations
http://www.vascak.cz/physicsanimations.php
http://www.fizika.ru/catalog.php

