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@denepanbHass  pabodass TporpamMmMa Mo y4eOHOMYy mpeamery «Du3ukay
(yrimyOonéHHbId ypoBeHB) (TpeaMeTHas o6sacth «EcTecTBEHHO-HAy4YHBIC MPEIMETHI)
BKJTFOYAET MOSICHUTEIBHYIO 3aIMCKY, COIepKaHue 00yUeHNs, TUTAHUPYEMBIC PE3YIbTAThI
OCBOCGHHUS TIPOTPaMMBI 110 (PU3UKE, TEMATHUECKOE TNIAHUPOBAHUE.

[TosicHuTeIPHAS 3aTTUCKA OTpaKaeT OOIIMeE 1ETH U 3a7a9u PU3HKHU, XapaKTEPUCTHKY
TICUXOJIOTHYECKUX TPEANOCHUIOK K €€ M3yUeHHUI0 00YJaroIIMMHUCS, MECTO B CTPYKType
y4eOHOTO IIlaHa, a TakKXKe TMOAXOAbl K OTOOPY COAEpKaHWs, K OMIPEICICHUIO
TJIAHUPYEMBIX PE3YIbTaTOB.

Conmepxanre OOy4YeHHSI pacKpbhIBaeT COJACpXKaTelbHbIC JUHUH, KOTOPHIC
npeiaraloTcs A 00s3aTeIbHOTO M3YYCHHUS B KaXKIOM KJIacce Ha YPOBHE CPEIIHETO
o611ero oopa3oBaHus.

[Inanupyembie pe3yibTaThl OCBOCHHS MPOTPaMMbI 1O (PU3HUKE BKIHOYAIOT
JUYHOCTHBIE, METaIlpeMETHBIC pPE3yJbTaThl 3a BECh IMEPHOJ OOYYCHHUS HA ypOBHE
CpemHero oO0mero o0pa3oBaHWsA, a TaKXKE MPEIMETHBIC JTOCTHXKEHUS OO0yJaroIerocs
3a KaXIbli TOJ1 00y4eHHUS.

HOACHUMTEJIbBHAA 3AIIMCKA

[Iporpamma o ¢u3nKe Ha ypOBHE CpEeAHEro OoO0IIero oopasoBaHuUsi pa3padoTaHa
HA OCHOBE TMOJIO)KEHM U TpeOOBaHWM K pe3ylbTaraM OCBOCHHS OCHOBHOM
oOpazoBarenbHON mporpammel, npeacraBieHHbix B I'OC COO, a Takxke ¢ yuyéTom
benepanbHOl paboueii mporpaMMbl BocniuTanus U KoHIenuu npenoaaBaHust yaeOHOTo
npeamera «®Puszuka» B 00pa3zoBaTeNibHBIX oOpranu3anusx Poccuiickoit ®denepariuu,
peann3yIonmx OCHOBHBIE 00pa30BaTEIbHbIC IPOTPAMMBI.

[Iporpamma 1o ¢u3uke ompenenser 00s3aTelbHOE MPEAMETHOE COJiepKaHue,
YCTAaHABJIMBAET PEKOMEHAYEMYIO IOCIEAOBATEIbHOCTh HM3YYEHUSI TEM U Pa3JIeloB
y4eOHOro mpeaMeTa ¢ y4€TOM MEXIPEIMETHBIX U BHYTPUIIPEAMETHBIX CBSI3EH, JJOTUKU
y4eOHOTO Tpoliecca, BO3pACTHRIX 0COOEHHOCTEH oOy4aromuxcs. [Iporpamma o gusnke
JaéT MpeCTaBICHHE O LENAX, COJIEPIKAHUU, OOIIEH cTpaTeruu oOy4eHus, BOCIIUTaHUS U
pa3BUTHs OOy4YarOMIMXC cpeAcTBaMU yueOHoro npeaMera «dusnka» Ha yriayOiaeéHHOM
YpOBHE.

N3yuenue xkypca pusuku yriayOaE€HHOTO YPOBHSI MO3BOJISIET PEaM30BaTh 3aJauu
npoecCHOHANLHON OPUEHTAIMH, HAMPABICHO HA CO3/IaHWE YCIOBHM JJIS MPOSBICHUS
CBOUX HWHTEIJIEKTYaJIbHBIX W TBOPYECKHX CIOCOOHOCTEH KaXAbiM OOyYaroluMcs,
KOTOpbl€  HEOOXOAMMBI ISl  TPOJOJDKEHUS  o0pa3oBaHUsS B OpraHU3aIUsiX
npoecCHOHATHROTO  O00pa30BaHMUS 1O  PA3TUYHBIM  (U3UKO-TEXHHUYECKUM |
WHKCHEPHBIM CITCIIHATLHOCTSIM.

B nporpamme mo ¢usuke omnpenenstoTcs IJIaHUpPyeMble Pe3yabTaThl OCBOEHUS
Kypca (GU3MKA Ha YpPOBHE CpeaHero oOmero oOpa3oBaHUS: JIMYHOCTHBIC,
MeTarpeMeTHbIC, IPeIMETHBIE (Ha YIIyOn€HHOM ypoBHE). HayuHo-MeTo10510rnuecKoi
OCHOBOM 7151 pa3paboOTKy TPpeOOBAHMA K TMYHOCTHBIM, METAIIPEAMETHBIM U TTPEIMETHBIM
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pe3ynbTaTamMm o0y4arouIuxcsi, OCBOUBIIUX MPOrpaMMmy Mo (U3MKe Ha YPOBHE CPEIHETO
oO1iero oOpa3oBaHus Ha YIIIYOJIEHHOM YpOBHE, SIBJISIETCSI CUCTEMHO-IEATEeIbHOCTHBIN
MOJIXO/I.

[Iporpamma no ¢u3mKe BKIIOYAET:

IJTAHUPYEMbIE Pe3yJIbTaThl OCBOSHUS Kypca GU3UKH HA YIITyOJIEHHOM YPOBHE, B TOM
YuCIIie IPEAMETHBIE PE3YJIBTATHI IO T0/1aM 00yUYEHUS;

coziepkaHue yueOHoro npeamera « Pu3nkay 1no rojgaMm o0ydeHus;

TEMaTU4ECKOe TUIAHUPOBAHUE TI0 T0/IaM O0yUYEHUSI.

[Iporpamma no ¢pu3uke UMEET TPUMEPHBIN XapaKTep U MOKET OBbITh UCTIOIb30BaHA
YAUTEISIMHA (PU3UKH 7151 COCTABJICHHS CBOMX Pa0OUYMX MPOTPaAMM.

[Iporpamma mo (u3uke HE CKOBBIBAET TBOPYECKYH0 HHUIIMATHBY Y4YUTEIEH U
MPEAOCTABISAECT BO3MOKHOCTU MJI pEAIM3alUU PA3IUYHBIX METOJMYECKUX IMOIXOJI0B
K TMpenojaBaHui0 (PU3NKA Ha YriIyOJIEHHOM YpOBHE MPU YCIOBUU COXPAHEHUS
00s13aTeIHLHOM YaCTH COJIEPXKaHUs Kypca.

du3nka KaKk Hayka O Haubojee OOUUX 3aKOHAX MPUPOJbI, BHICTYIAs B Ka4eCTBE
y4eOHOro TMpeaMeTa B IIKOJIe, BHOCUT CYIIECTBEHHBINM BKJIaJl B CUCTEMY 3HAHHM
00 oxpyxawomeMm Mupe. [IkonapHBIE Kypc QU3HKM — CcUCTEMOOOpa3yrolui
JUTSl €CTECTBEHHO-HAYYHBIX YU€OHBIX IPEIMETOB, TOCKOJIbKY (PU3HUECKUE 3aKOHBI JIeKAT
B OCHOBE IIPOLIECCOB WU SIBJICHHI, H3y4aE€MbIX XUMHUEW, OWONOruei, (Pu3nuecKou
reorpadueit © actpoHomueil. Vcnonp30BaHNe U aKTHBHOE NMPUMEHEHUE (DU3UYECKUX
3HAHUU OMPECIIUIIO XapakTep U OypHOE Pa3BUTHE PA3HOOOPA3HBIX TEXHOJIOTHH B cepe
DHEPreTUKHU, TPAHCIOpPTAa, OCBOEHUS KOCMOCA, I[IOJYyYEHHUS HOBBIX MaTepUaIoB
C 3aJJaHHBIMU CBOMcTBaMU. M3ydyeHue pu3rKu BHOCUT OCHOBHOM BKJIaJ B (QOpMUpOBaHHE
€CTeCTBEHHO-HAyYHOW  KapTUHBI  MHpa  oOydyaromierocs, B  (oOpMUpOBaHUE
YMEHUW TPUMEHSITh HAy4YHBIA METOJ TO3HAHWS TIPHU BBIMIOJIHEHMH HMHU Y4eOHBIX
HCCJIETOBAHUM.

B ocHOBY Kypca (pu3HMKu Ha ypOBHE CPEIHEr0 OOIIEro oOpa3oBaHUs MOJIOXKEH PSIJT
ujel, KOTOpPbhIe MOKHO pacCMaTpUBaTh KaK MPUHIIUIBI €r0 MOCTPOEHUS.

Hoea uenocmnocmu. B COOTBETCTBUM € HEH KypC SBISIETCS JIOTHYECKH
3aBEPIIEHHBIM, OH COJIEPKUT Marepuan M3 BCEX pas3iesioB (DU3WKH, BKIIOYAET Kak
BOIPOCHI KJIACCUYECKOM, TAK 1 COBPEMEHHOM (DU3HKHU.

Hoesn zenepanuzayuu. B cooTBeTCTBUU € HEeMl MaTtepHual Kypca GU3HKU 00beTNHEH
BOKpyr (usnueckux Teopuid. Begymmm B Kkypce sBisiercss  (HOpMHUpPOBaHUE
MPEACTABICHUM O CTPYKTYPHBIX YPOBHSIX MAaTE€PUH, BEIIECTBE U TOJIE.

Hoesa cymanumapuzayuu. EE peanusanus NpearionaracT HCIOIb30BAHNUE
I'YMaHUTAPHOTO MOTEHIMaNa GU3NIECKON HAyKU, OCMBICIICHUE CBSI3U Pa3BUTHUS (PUBUKH
C pa3BUTHEM OOIIECTBA, a TaKKe C MHPOBO33PEHUECKUMHU, HPABCTBCHHBIMH U
HKOJIOTUHYECKUMHU MTPOOIEMaMHU.

Hoes npuxnaonou nanpaenennocmu. Kypc ¢usmkm yriyOiE€HHOTO YpOBHS
MPEANOJIAraeT 3HAKOMCTBO C IIMPOKHM KPYrOM TEXHHYECKHMX M TEXHOJOTMYECKHUX
MPUJIOKEHUN W3YyUYECHHBIX TEOPUN M 3aKOHOB. [Ipn 3TOM paccMaTpuBaroTCs Ha YpOBHE
00IIMX MpPeCTaBIECHUN U COBPEMEHHbIE TEXHUUYECKUE YCTPOMCTBA, U TEXHOJIOTHH.



Hoesn rxonozuzayuu peanusyeTcsi IOCPEACTBOM BBEACHUS JIEMEHTOB COCPKAHMS,
MOCBAMIEHHBIX JKOJOTHYCCKAM MpoOJeMaM COBPEMEHHOCTH, KOTOPBIE CBSI3aHBI
C pa3BUTHEM TEXHHMKH U TEXHOJIOTHH, a Takke 0OCYyX IeHUsl MpoOjeM paruoHAIbHOTO
IPUPOIOTIOIB30BAHUS U KOJIOTHIECKON OE30MacHOCTH.

OcBoeHne coaepx aHHUsl MpPOrpaMMbl MO (U3UKE JODKHO OBITh MOCTPOEHO
Ha MPUHIUIIAX CUCTEMHO-IEATEeIbHOCTHOrO moaxona. [ns dbusuku peanuzanus >THX
MPUHITUTIOB 0a3upyeTcsi Ha HCIIOJIB30BAaHUU CAMOCTOSITEIHPHOTO JKCIIEPUMEHTA Kak
MOCTOSIHHO JIeHcTBYIoMIEero (hakTopa yueOHoro mpouecca. s yriyOaéHHOro ypoBHS —
TO CHUCTEMa CaMOCTOSATEIBLHOTO YYEHHUYECKOTO HSKCIEPUMEHTA, BKIIOYAIOLIETO
(bpOoHTaNBbHBIE YUEHUYECKHUE OIBITHI MPU W3YYEHUH HOBOTO Marepuania, J1abopaTOpHbBIE
paboTel W paboThl mpakThkyMa. [Ipm STOM BO3MOXKHBI JBa croco0a peanu3aluu
bu3MYecKoro MpakTUKymMa. B TmepBoM cilydae MpakTHKyM IMPOBOAMUTCS OO B KOHIIC
10 u 11 xnaccoB, 1160 MOCE MEPBOro U BTOPOTO MOTYTOAUNA B KaXKIOM U3 STUX KJIACCOB.
BTtopoii cioco6 — 310 nHTerpanus padboT NpakTUKyMa B CUCTEMY JJaOOpaTOPHBIX padoT,
KOTOpPBIE MPOBOJSTCA B Mpoliecce u3ydeHus pasaena (temsl). [Ipu aTom nmoa paboramu
MpaKTUKyMa T[IOHMMAeTCSd CaMOCTOSITEIbHOE MCCIIEIOBAaHUE, KOTOpOE€ IMPOBOJUTCS
10 PYKOBOJICTBY CBEPHYTOT0, 000OIIEHHOTO BH1a 0€3 MOIIaroBOM HHCTPYKIIUH.

B mporpamme mo ¢usnke cucreMa ydeHWYECKOTO IKCIEPUMEHTA, Ja00paTOPHBIX
paboT U MpaKkTHKyma MPEICTaBlICHAa €MHBIM TepeduHeM. BriOop TemaTuku s 3THX
BHUJIOB  yYCHHUYECKHX  MPAKTHUYECKHX  pabOT  OCYIIECTBISCTCA  YYaCTHHUKAMU
00pa3zoBaTeNbHOTO MpoIecca UCXOAs U3 0COOCHHOCTEW MOYPOYHOTO TUTAHUPOBAHUS U
ocHarenust kabunera ¢usuku. [Ipu 3TOM oOecreunBaeTcs OBIaICHUE 00YIAIOIITUMUCS
YMEHUSMH TIPOBOUTH MPSMbIE U KOCBEHHBIC U3MEPEHUS, UCCIICIOBAHUS 3aBHCHMOCTEH
(bU3UMYECKUX BEJIMYMH U TTIOCTAHOBKY OMBITOB 110 TIPOBEPKE MPEIOKEHHBIX THIIOTE3.

bonbimoe BHUMaHWE yACISICTCS PENICHHIO PAcYETHBIX W KAYECTBEHHBIX 3a/ad.
[Tpu sTOM ISt pacu€THBIX 3a/1a4y MPUOPUTETOM SBIISIFOTCS 3a7a4d C SBHO 3aJaHHOU U
HESIBHO 33JJaHHOM (PU3NYECKON MOJIEITBIO, TTO3BOJISIFOIIUE PUMEHSATh U3YyUEHHBIE 3aKOHBI
¥ 3aKOHOMEPHOCTH KaK W3 OJHOTO pasjeiia Kypca, TaK W HHTCTPUPYS NMPUMEHEHUE
3HaHWH U3 Pa3HBIX pa3nenoB. st KaueCTBEHHBIX 3a]1a4 IPUOPUTETOM SIBIISTIOTCS 3a/IaHUS
Ha OOBSCHCHHE/TIpECKa3aHue TMPOTCKaHUs (PHU3WYCCKUX SBJICHUH W IPOIIECCOB
B OKpYyXarolieu >Xu3Hu, TpeOyromue BbhiOOpa (U3MYECKOM MOJeNu [Jisi CUTYallUuu
MIPAKTUKO-OPUEHTUPOBAHHOTO XapaKTepa.

B cootBerctBum ¢ tpedoBanusamu GI'OC COO k mMaTepHabHO-TEXHUYECKOMY
obecrieueHn0 yaeOHOTO mpoIecca Kypc (U3NKK YIIIyOJIEHHOTO YPOBHS Ha ypOBHE
CpeaHero 001ero o0pa3oBaHus JOHKEH U3ydaThCs B YCIOBHIX IPEIMETHOTO KaOMHETA.
B kabunere ¢u3uku J0KHO OBITH HEOOXoauMoe JjabopaTopHOoe 00OpYyI0BaHUE
JUIA  BBIMIOJHEHWS] YKa3aHHBIX B TpOrpaMMe MO0 (U3MKE YYECHHYECKHX OIBITOB,
Ja00paTOPHBIX pabOT U pabOT MPAKTUKYMa, a TAKKE IEMOHCTPAIIMOHHOE 000PYI0BaHHUE.
JleMoHCTpaninoHHOE 000pynOBaHNEe POPMUPYETCS B COOTBETCTBUU C MPUHIIUIIOM
MUHUMAJIBHOW  JOCTATOYHOCTH ©  OOECTEeUMBAaeT TOCTAHOBKY  IEPEUYUCICHHBIX
B MporpamMme 1no (U3HKE KIHOYEBBIX JEMOHCTpAIUil Il UCCIEIOBAaHUS H3y4aeMbIX



SIBJICHUM U MPOIIECCOB, IMIUPUUECKUX U PYHIAMEHTAIBLHBIX 3aKOHOB, NX TEXHUYECKHUX
IIPUMEHEHUN.

JlabopaTopHoe o0OopynoBaHME JUJII  YYCHHUYECKUX  IPAKTUYECKUX  paboT
dbopMupyeTcs B BUJE TEMAaTHUYECKHX KOMILUIEKTOB U OOECIIEUNBAETCS B pacuére OJAHOTO
KOMIUIEKTa Ha JBYX oOywaronmxcsa. TemMaTHUecKue KOMIUIEKTHI JIaDopaTOPHOTO
000pyI0BaHUs TOJKHBI OBITh TOCTPOEHBI HA KOMIUIEKCHOM HCITOJIb30BAHUN aHAJIOTOBBIX
U UU(POBBIX MPUOOPOB, @ TAKKE KOMIBIOTEPHBIX H3MEPUTEIBHBIX CUCTEM B BUJE
1 poBLIX Jab0paTOpuid.

OCHOBHBIMU LIETSIMH U3Yy4YeHHS (GU3UKH B OO0IIEM OOpa30BaHUU SIBISIFOTCS:

dbopMHpOBaHUE MHTEpPEca M CTPEMJICHUS 00yYarouuxcsi K Hay4YHOMY HM3y4YEHUIO
IPUPOJIbI, PA3BUTHE UX UHTEIJIEKTYaJbHBIX U TBOPUYECKUX CIIOCOOHOCTEN;

pa3BUTHE TMPEACTABICHUHA O HAYYHOM METO/A€ IMO3HaHHS U (OpMUPOBaHHE
UCCJIEI0BATEIBLCKOIO0 OTHOIIEHUS K OKPYKAIOLIUM SIBJICHUSM;

(opMHpOBaHHME HAYYHOTO MHPOBO33PEHHSI KaK pe3yjbTaTa HM3yYE€HHs OCHOB
CTPOEHHUS MAaTepuu U QyHIAMEHTAIBHBIX 3aKOHOB (DU3HUKH;

dbopMupoBaHUe YMEHUN OOBACHATH SIBJICHUS C HCHOJb30BAaHUEM (PU3NUECKUX
3HAHUM U HAYYHBIX JOKAa3aTEIbCTB;

(opMupoBaHHE TPEICTaBICHUA O ponu (PU3MKKA Uil  pa3BUTHUA  JIPYTHX
€CTECTBEHHBIX HAayK, TEXHUKHU U TEXHOJIOTUH;

pa3BUTHE TPEJCTABICHUNH O BO3MOXHBIX cepax Oyayuieil mpodeccuoHaIbHOU
JeSITEIbBHOCTH, CBSI3aHHBIX C (PU3MKOM, MOJATOTOBKA K JajbHEHIIEeMy 00y4eHHIO B 3TOM
HaIpPABJICHUU.

JlocTmkeHne HSTUX Leled olecnednMBaeTcs peUIeHHEM CIEAYIOIUX — 3ajad
B MPOIECCe U3YyUCHUS Kypca (DU3MKHU HA YPOBHE CPEIHETO 00111ero 00pa3oBaHus:

NpUOOpPETEHUE CUCTEMBbl 3HAHUK 00 OOmWKX (UINYECKUX 3aKOHOMEPHOCTSX,
3aKOHaX, TEOPHSIX, BKIIOYAs MEXaHUKY, MOJEKYJSIpPHYIO (U3HKY, AJIEKTPOJUHAMUKY,
KBaHTOBYIO (PU3HKY U 3JIEMEHTHI ACTPOPU3UKHU;

(dopMHpOBaHWE YMEHHM NPUMEHATH TEOPETUUYECKUE 3HAHUSA i1 OOBSICHEHUS
bu3nUecKuX SBJICHUW B TNPUPOAE U [ NPHUHATHS MPAKTUYECKUX PELICHUN
B TIOBCEJIHEBHOM KU3HU;

OCBOCHHME CIOCOOOB PEIICHMs Pa3jIM4HbIX 33Jlady C SABHO 3aJaHHOU (hU3HUECKOU
MOJIEJIbIO, 3a/]a4, OAPa3yMEBAIOLIUX CAMOCTOSTEIBLHOE CO3/1aHne (PU3NUECKON MOJIENH,
aJICKBaTHOM yCIIOBHUSM 3a/1a4, B TOM YHKCIIE 3a]1a4 HHXKEHEPHOTO XapaKTepa;

NOHUMaHue PU3NYECKUX OCHOB U MPUHIUIIOB ACHCTBUSI TEXHUUYECKUX YCTPOUCTB U
TEXHOJIOTHYECKHX ITPOLIECCOB, UX BIMSIHUS HA OKPYXKAIOLIYIO CPENY;

OBJIAJICHUE METOJaMU CaMOCTOSITEJIbHOTO IJIAHUPOBAHUS W IPOBEICHUS
du3nyeCKuX SKCIEPUMEHTOB, aHajdN3a M WHTEpIpeTaluu UHPOpPMAIUH, ONpPEeICHUs
JIOCTOBEPHOCTH MOJYYEHHOT'O PE3yJIbTaTa;

CO3/IaHME YCJIOBHM JUISI PAa3BUTHS YMEHUW MPOEKTHO-UCCIEA0BATENBCKOM,
TBOPYECKOM JIESATEIILHOCTH;

pa3BuUTHE HHTepeca K cdepam npodeccHoHaIbHON IeATEeIbHOCTH, CBA3aHHOU
¢ (hU3UKOM.



B cootBerctBuM ¢ TpeboBanusiMu ®I'OC COO yrinyOnEHHbBIN ypOBEHb W3YUYCHHS
yuebHoro npeameta «Pu3nKa» Ha ypOBHE CPEIHET0 00IIero 00pa3oBaHus BBIOMpaeTCs
00y4JaromuMucs, MIAHUPYIOIMIMMHA TPOAOIKEHHE O00pa3oBaHUs MO CHEIHUATbHOCTIM
(U3UKO-TEXHUYECKOTO TTPOQHIISL.

OO1iee 4nCIIO 4acoB, PEKOMEHJIOBAHHBIX A M3y4deHUS (U3UKHU (YrIIyOJIeHHBIN
ypoBeHb) — 340 ygacoB: B 10 kiacce — 170 gacoB (5 yacoB B Hepeno), B 11 kmacce —
170 gacoB (5 yacoB B HEAEIIO).

[Ipensaraemsliii B mporpamme 1o Gu3mke nepeyeHb 1a00paTOPHBIX U MPAKTUYECKUX
paboT SABIsETCA PEKOMEHAOBAHHBIM, YUUTENb JIeTAeT BHIOOP MPOBEICHUS J1a00paTOPHBIX
paloT U OMBITOB C YUETOM MHIUBUIYaTbHBIX 0COOCHHOCTEN 00yUatOIIUXCsl.

B mporpamMe mo ¢Qusmke KaxAoro Kiacca Mpeasiaraercs pe3epB BpPEMEHH,
OTBOJIUMBIM Ha BapUATUBHYIO YacTh MPOrPAMMBbI, COJEpPKaHUE KOTOPOMl (hopMHUpyeTCs
y4acTHUKaMU oO0pa3oBaTelbHOrO Impolecca. Jlobas pabodas mnporpamMma J0JDKHA
MOJIHOCTBIO BKJIKOYATh B c€0sI coAepKaHUe JaHHOW MTPOrpaMMBI 110 (PU3HUKE.



COJEPXAHUE OBYYEHUA

10 KJIACC

Pasznen 1. HayuHblil MeTOA MO3HAHUS MPUPOABI

®duszuka — QpyHIaMeHTalbHas Hayka o mpupoje. HayuHslii MeToq mo3HaHUs U
METO/Ibl UCCIIEI0BaHNS (PU3NYECKUX SIBJICHUM.

OKCHEepUMEHT M Teopus B IIpouecce No3HaHUs mpupoasl. HaOmronenuwe wu
IKCIIEPUMEHT B (DU3HKE.

CnocoObsl  u3MepeHus (U3MYECKUX BEIMYMH  (QHAJIOTOBBIE U ITU(POBBIC
U3MEpUTENbHbIE TPUOOPHI, KOMITBIOTEPHBIE JATYUKOBBIC CHCTEMBI).

[TorpemnocTu u3mMepeHuit GU3NYECKUX BETUUHUH (AOCONMIOTHASI U OTHOCUTENIbHASA).

MopnenupoBanue (U3MYECKUX SIBICHUHM M MPOLECCOB (MaTepHalbHas TOYKa,
abCOMIIOTHO TBEPAOE TEJO, HeaIbHAsl KHUAKOCTh, UJCANbHBIN a3, TOUCUHBIN 3apsn).
['unote3a. PU3NYECKH 3aKOH, TPAHULIBI €I0 IPUMEHUMOCTH. PU3NYECKAs TEOPUS.

Ponb 1 mecto Gpusuku B GOpMUPOBAHUU COBPEMEHHON Hay4HOW KapTHUHBI MHUpa,
B [IPAKTUYECKOU IEATEIIBHOCTH JIFOACH.

Yuenuueckuii sxcnepumenm, rabopamopHule pabomwl, NpaKmuKym

W3mepenue cuibl TOKa M HANpsKEHUS B LENU MOCTOSHHOIO TOKa MPH MOMOLIH
aHAJIOTOBBIX M IIU(PPOBBIX U3MEPHUTEITHHBIX MPUOOPOB.

3HakoMcTBO ¢ uUdpoBoil mnaboparopuerr mo Qusuke. Ilpumepsl u3MepeHus
(¢u3nYECKUX BEMYHH IIPHU MOMOIM KOMIIBIOTEPHBIX JaTUUKOB.

Pa3znen 2. Mexanuka
Tema 1. Kunemamuka

Mexannueckoe qBukeHre. OTHOCUTENbHOCTh MEXaHUYECKOT0 ABUKEeHUS. CucTteMa
OTCUETA.

[Ipsimast u oOpaTHas 3a1a4l MEXaHUKH.

Pannyc-BexkTop MarepuanbHON TOYKH, €r0 MPOEKIMU Ha OCU CUCTEMbI KOOPJUHAT.
Tpaexropus.

[Tepememnienue, CKOPOCTh (CpeaHSsE CKOPOCTh, MTHOBEHHAsI CKOPOCTh) U YCKOPEHUE
MaTepUaibHOW TOYKH, WX MPOEKIMM Ha OCHU CHUCTEeMbl KoopauHat. CloxeHue
MEPEMELICHUM U CI0KEHUE CKOPOCTEM.

PaBHOMepHOE M PABHOYCKOPEHHOE MPSIMOJIMHEHHOE IBUKEHHE. 3aBUCHUMOCTD
KOOpJAMHAT, CKOPOCTH, YCKOPEHHUS U MYTH MaTepUaIbHOM TOYKH OT BPEMEHHU U HUX
rpaduku.

CBobOomHoe mameHue. YCKOpeHHE CBOOOMHOTO majicHUsA. JIBumkeHHe Tena,
OpOIIEHHOTO TO/T YTJIOM K TOPU30HTY. 3aBUCUMOCTh KOOPJAMHAT, CKOPOCTH U YCKOPECHHUSI
MaTepUabHOM TOYKU OT BPEMEHH U UX rpaduKHu.

KpuBonuuennoe nuxeHue. JIBU)KEHWE MATEpUAIBHOM TOYKH IO OKPYKHOCTH.
VYrnosas u nuHelHas ckopocThk. [lepros u yactota obpanienus. LlenTpocTpemuTenbHOe
(HOpMasbHOE), KacaTeabHOE (TaHTCHIMAIbHOE) M TOJHOE YCKOPEHHE MAaTepuabHOU
TOUKH.



TexHuyeckue ycTporucTBa U TEXHOJIOTHYECKUE ITPOLECCHI: CIIUIOMETP, ABUKECHUE
CHapA/IOB, LICTIHbIC, IIeCTepEHYAThIE U PEMEHHBIE MepEeaaul, CKOPOCTHBIE TUQTHI.

Jlemoncmpayuu

Mogenps cHCTEMBI OTCYETA, WUIIOCTPALMS KUHEMATUYECKUX XapaKTEPUCTUK
JIBH>KCHUSL.

CniocoOsbI nccieoBaHus IBUKCHUM.

NnmroocTpanms npeaenbHOro nepexo/ia i U3MEpEHNEe MTHOBEHHOW CKOPOCTH.

[IpeobpazoBanHue NBUKEHUN C UCTIOIb30BAHUEM MEXaHU3MOB.

[Tagenue Ten B BO3AyXE U B pa3pe:KEHHOM MPOCTPAHCTBE.

HaGmronenne nBwkeHHs Tena, OpOIIEHHOTO IO VyIJOM K TOPHU30HTY
Y TOPU30HTAIBHO.

Hanpasnienue ckopoctu 1pu ABUKEHUHU 110 OKPYKHOCTH.

[IpeoOpazoBaHue yrioBOil CKOPOCTH B PEIYKTOPE.

CpaBHeHuEe TyTeH, TPAEKTOPHl, CKOPOCTEW ABUIKEHHSI OJHOTO U TOTO XK€ Tena
B Pa3HBIX CUCTEMAxX OTCYETA.

Yuenuuecxuii sxcnepumenm, 1abopamopHvie pabomol, NPAKMUKYM

N3yueHne HEPaAaBHOMEPHOIO [JIBUKEHHS C LEIbI0 ONPEACICHHS MTHOBEHHOM
CKOpOCTH.

N3mepenue yckopeHHsT TpU MOPSMOJMHEMHOM PABHOYCKOPEHHOM JIBMYKCHUH
10 HAKJIOHHOM TIOCKOCTH.

HccnenoBanue 3aBUCUMOCTH ITYTH OT BPEMEHHU MPU PABHOYCKOPEHHOM JIBUKCHUMU.

N3mepenne yckopeHHs CBOOOIHOTO mMaAcHUs (PEKOMEHIIOBAHO HCIIOJIh30BAHUE
1udpoBoit 1aboparopun).

N3ydenune nBmwXeHUS Tena, OpPOIIEHHOTO TOpU30HTaIbHO. IIpoBepka THUITOTE3BI
0 MPAMOM MPOMOPIUOHATLHON 3aBUCUMOCTH MEXKIY HAJTbHOCTBIO MOJIETA YU HAYaJIbHOU
CKOPOCTBIO Tea.

N3yuenue nBukeHus Tea 1o OKPY>KHOCTH € MIOCTOSHHOMW 10 MOJYJIFO CKOPOCTBIO.

HccnenoBanne 3aBUCUMOCTH TIeproaa oOparieHuss KOHMYECKOr0 MasiTHUKA OT €ro
MapaMeTpPOB.

Tema 2. Jlunamuxa

Ilepsbii  3akoH Hbrorona. HWuepnuanbHble cucreMbl orcuéra. IlpuHiun
oTHocuTenbHOCTH ['anmwiies. HeuHepumanbHble cHCTEMBI OTCUETA (OIpENETICHUE,
PUMEPBI).

Macca tena. Cuna. [IpyHuun cynepno3uimu cuil.

Bropoii 3akoH HproTOHA 1151 MaT€pUAIbHON TOUYKHU.

Tpernii 3akoH Hpr0TOHA 1151 MAaTEPUAIIBHBIX TOYEK.

3aKOH BCEMHUPHOTO TATOTEHHUS. JKBUBAJICHTHOCTh T'PABUTAIMOHHOW U WHEPTHOM
MAacChl.

Cuna TsXKecTH. 3aBUCHUMOCTh YCKOPEHHUS CBOOOJHOTO MAJCHHUS OT BBICOTHI
HaJl TOBEPXHOCTHIO TUIAHETHI U OT reorpauyeckol upoThl. JBuKeHUE HEOECHBIX TEl
U UX CyTHUKOB. 3akoHbl Kemnnepa. [lepBasg kocmuyeckass CKOpOCTb.
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Cuna ynpyroctu. 3akoH ['yka. Bec tena. Bec Tena, IBIKYIIErocsi C YCKOPSHHEM.

Cuna tpenus. Cyxoe Tpenue. Cuiia TpeHUsI CKOJIBKEHUSI U CUJIa TPEHUS MOKOSI.
Koaddunuent tpenusi. Cuna cOnpoTUBICHUS MTPH IBHXKEHUU TEJa B )KUIKOCTH WU rase,
e€ 3aBUCUMOCTb OT CKOPOCTH OTHOCUTEIBHOTO JIBUKCHHS.

Hasnenue. ['uapocrarnueckoe nasienue. Cuia Apxumena.

TexHuyeckue ycTporucTBa U TEXHOJIOTHUECKHE MPOIIECChI: MOAITUITHUKH, IBHKEHUE
UCKYCCTBCHHBIX CITyTHHKOB.

Jlemoncmpayuu

HaGnronenue ABMKEHUS Tel B MHEPIHUAIBHBIX M HEHMHEPIMAIBHBIX CHCTEMaXx
OTCUETA.

[IpuHIIUTT OTHOCUTEILHOCTH.

Kauenue aByX IUIMHIPOB WM IIAPOB PA3HOM MACChl C OJITUHAKOBBIM YCKOPEHUEM
OTHOCHUTEILHO HEMHEPIIUAILHOM CUCTEMBI OTCUETA.

CpaBHEHHUE PaBHOJCHCTBYIONIECH MPUIIOKEHHBIX K TEIy CHJI C IMPOU3BEICHUEM
MAcCCHhI T€JIa Ha €r0 YCKOPEHUE B MHEPIIUAJIBHOM CUCTEME OTCUETA.

PaBeHCTBO CuJI, BOSHUKAIOIIUX B PE3yJIbTaTE B3aUMOICHCTBUS TEJ.

N3mepenune macc 1o B3anMoAeHCTBUIO.

HesecomocTs.

Bec tena npu yckopeHHOM MOIBEME U TAJCHUU.

LleHTpOoOeKHBIC MEXaHU3MBI.

CpaBHeHUE CUJI TPEHUSI TTOKOS, KAYEHUS U CKOJILKCHHUS.

Yuenuueckuii sxcnepumenm, 1abopamopHule pabomul, NPAKMUKYM

N3mepenne paBHOJAEHCTBYIOLIEH CUJI MIPU JABMKEHUU OpyCKa MO HAKJIOHHOMN
IUIOCKOCTH.

[IpoBepka runoTe3sl 0 HE3ABUCUMOCTH BPEMEHU JBUKEHUS OpyCcKa M0 HAKJIOHHOM
IUIOCKOCTH Ha 3a/IaHHOE PACCTOSIHUE OT €r0 MACCHI.

HccnenoBanue 3aBUCUMOCTH  CWJI  YIIPYTOCTH, BO3HHMKAKOIIMX B IPYKHHE
U PE3MHOBOM 00pasIle, OT ux aedopMaiiui.

N3yuenune NBUKEHUS CUCTEMBI T€J, CBA3aHHBIX HUTBIO, IEPEKUHYTOMN Yepe3 JIErKun
OJIOK.

N3mepenune koadduimenta TpeHUs MO BEIMYMHE YTIOBOTO Kod(duiiueHTa
3aBucuMocTd Frp(N).

HccnenoBanne nBMKEHUS Opycka MO HAKJIOHHOW IJIOCKOCTH C TEpEMEHHBIM
K03 PUIIMEHTOM TpEHUSI.

N3yuyeHue NBM>KEHMS IPy3a HAa BAJTy C TPEHUEM.

Tema 3. Cmamuka meépoozo mena

AbcomotHO TBEpAOE Teno. [locTynaTenbHoe U BpalaTeIbHOE JBUKEHHE TBEPAOTO
Tena. MOMEHT CHJIbl OTHOCHUTENbHO OcH BpamieHus. Ilnedo cumbl. CrioxkeHue cui,
NPWIOKEHHBIX K TBEpAOMY Teny. LleHTp TsbkecTu Tena.

YcnoBus paBHOBECHUS TBEPAOTO TeENA.
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YcroitunBoe, HEyCTOMUHUBOE, O€3pa3IMUHOE PAaBHOBECHE.
TexHuueckue yCTpOMCTBA M TEXHOJIOTMUECKME  IPOLECCHI:  KPOHIITEWH,
CTPOUTENBHBIN KPaH, PEIIETYATHIE KOHCTPYKIUU.

Jlemoncmpayuu
VY ci10BUsI paBHOBECHS.
Busr paBHOBECHS.

Yuenuueckuii sxcnepumenm, 1abopamopHule pabomul, NPAKMUKYM
HccenenoBanue yciaoBUil paBHOBECHS TBEPAOTO TEJA, UMEIOIIETO OCh BPAILCHHUS.
KoncTpyrnpoBanne KpOHIITENHOB U PaCUYET CUII YIPYTOCTH.
N3ydenne ycTOMYMBOCTH TBEPIOTO TENA, UMEIOLIETO IIJI0IIA/Ib ONIOPHI.

Tema 4. 3akonvl coxpanenus 8 MEXAHUK

NmMnynbc MaTepralbHOW TOYKH, CUCTEMBI MaTEepHalbHbIX To4eK. LleHTp macc
CHCTEMBI MATEPUAIBHBIX TOUEK. Teopema O IBHKEHUU LIEHTPa Macc.

NMnyiibe cuibpl 1 ”3MEHEHNE UMITYJIbCA TEJA.

3aKOH COXpAaHEHUS UMITYJIbCA.

PeaktuBHOE nBHKEHUE.

MoMeHT uminyiibca MaTepuaibHOM TOUKU. IIpeacraBieHne o COXxpaHEHMM MOMEHTA
MMITYJIbCA B [IEHTPAIBbHBIX MOJIAX.

PaGota cunpl Ha MaloM M Ha KOHEYHOM mepeMelieHuu. [‘paduueckoe
IpeCTaBICHUE PAOOTHI CUIIBI.

MOIIHOCTH CHUJIBL.

Kunetnueckass »Heprus MarepuaibHOM TOYKM. TeopemMa 00 HW3MEHEHUU
KUHETUYECKOW SHEPTUM MATEPUATIBHOU TOUKHU.

[loTeHnManbHBlE W HENMOTEHIMAJIbHbIE CWibl. [loTeHIManbHAs  HSHEPrUs.
[ToTenmumanbHas »Heprus ynpyro aehopMHUpPOBAHHOM TpyxkuHbl. [loTeHnuanbHas
SHEprus Tejla B OJHOPOJHOM TPaBUTAMOHHOM Itose. [loTeHnnanbHas sHeprus tena B
I'PaBUTAIMOHHOM II0JI€ OJJHOPOJIHOTO IIapa (BHYTpHU U BHE 11apa). Bropas kocmuueckas
CKOpOCTb. TpeThs KOCMUYECKAs! CKOPOCTb.

CBsi3p paOOTHl HEMOTEHLUUAJIBHBIX CHJI C M3MEHEHHEM MEXaHWYECKOW SHEpruu
CUCTEMBI TeJl. 3aKOH COXPAaHEHHSI MEXaHUYECKON IHEPTUU.

Yrpyrue u Heynpyrue CTOJIKHOBEHUS.

VYpaBHenue bepHymm s UACAaNbHOW KUIAKOCTH KaK CJIEICTBHE 3aKOHA
COXPAaHEHUS MEXaHUYECKOU YHEPTUH.

TexHuyeckre yCTpOWCTBA M TEXHOJIOTHYECKHE IPOLECCHI: JBHXKEHUE pPAaKeT,
BOJIOMET, KOTIEP, MPYKUHHBIA MUCTOJIET, TUPOCKOII, (PUTYpHOE KaTaHUE Ha KOHbKaX.

Jlemoncmpayuu
3aKOH COXpaHEHUS UMITYJIbCa.
PeakTuBHOE ABMKEHUE.
N3mepenre MOIITHOCTH CUJIBI.
N3MeHeHue sHepruy Teja Mpu COBEPIISHUN PaOOTHI.
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Bzanmuble nipeBpallieHrs] KWHHETUYECKOW Y TOTEHIUATIbHOW SHEPTU U IIPU JIEUCTBUU
Ha TEJIO CHJIBI TSXKECTU U CHIIBI YIIPYTOCTH.
CoxpaHeHue SHEPTUH MPU CBOOOTHOM MaJICHUU.

Yyenuueckuii sxcnepumenm, rabopamopHuvle pabomol, NPAKMUKYM

N3mepenne nMirynbca Tejia 1o TOPMO3HOMY ITyTH.

W3mepenue CUIIbl TATH, CKOPOCTH MOJIEIH SJIEKTPOMOOUIISE U MOLTHOCTH CUJIBI TSTH.

CpaBHEHHE U3MEHEHUS UMITYJIbCA TEJIA C UMITYJIbCOM CHIIBI.

HccnenoBanue coxpaHeHUs: UMITYJIbCA IIPU YIIPYTOM B3aUMOJICHCTBHH.

N3MepeHne KWHETUYECKOM YHEPTUH TeJIa 10 TOPMO3HOMY MYTH.

CpaBHEeHHME HM3MEHEHHUsI TMOTECHIMAIBLHON SHEPTrUU MPYKUHBI C PabOTON CHIIBI
TPEHUSL.

Onpenenenrie paboThI CUIIbI TPEHUS MPU IBUKEHUU TeJIa [0 HAKJIOHHOM IIOCKOCTH.

Pa3nen 3. MoJiekyJisipHasi pu3nka v TepMOIUHAMUKA
Tema 1. OcHo6bl MONEKYAAPHO-KUHEMUUECKOT meopuu

OcCHOBHBIE MOJOKEHUST MOJIEKYJIsIpHO-KMHeTHueckoi Teopuu (MKT), ux omnbiTHOE
obocHoBanue. Juddysus. bBpoyHOBckoe nBMKEHHE. XapaKTep JBIKCHHS W
B3aNMOJICMCTBUS YaCTHUI] BenlecTBa. MoJIesd CTPOEHHUSI Ta30B, ) KUAKOCTEN U TBEPIBIX TEI
1 00BSICHEHHE CBOMCTB BEIIECTBA HA OCHOBE 3TUX MoJjienel. Macca 1 pa3Mepbl MOJIEKY
(aromoB). KommmuectBo BemectBa. [loctosnnass ABorapo.

TeroBoe paBHoBecue. Temmeparypa u cnocoObl €€ wu3Mmepenus. [llkama
temneparyp Llenbcusi.

Mogenp naeanbHOro ra3a B MOJIEKYJISIPHO-KMHETUYECKOU TEOPUM: YACTHIIBI rasa
JIBUKYTCS XaOTUYECKHU U HE B3aUMOJAECHCTBYIOT JIPYT C APYTOM.

l'azoBbie  3akonbl. YpaBHeHue MenneneeBa—Knamnelipona.  AGconroTHas
temneparypa (mkana temneparyp KensBuna). 3akon [lanbrona. W3omporecchl
B UJICAJIbHOM Tra3e ¢ MOCTOSSHHBIM KOJIMUECTBOM BelecTBa. ['paduueckoe nmpeacTaBieHne
U30MPOLIECCOB: U30TEPMa, U30X0pa, n300apa.

CBsi3p MEXIy NABICHUEM M CPEIHEW KMHETHYECKOM 3HEPTrUEd IMOCTYyNAaTEIbHOIO
TEIJIOBOTO JIBMXKEHUSI MOJIEKYJ UEaIbHOTO ra3a (OCHOBHOE YpPaBHEHHE MOJICKYJISIPHO-
KMHETUYECKOU TEOPUHU UJICaTTbHOTO Ta3a).

CBsi3b  a0COJIIOTHOM TeMMepaTypbl TEPMOJAMHAMUYECKOM CHCTEMBI CO CpeaHei
KUHETUYECKOU SHEPTUEH MOCTYNATENBHOTO TEMJIOBOTO JABUKEHUA €€ YaCTHII.

TexHuueckne ycTporcTBa M TEXHOJIOTHYECKUE TPOIIECCHI: TEPMOMETpP, OapoMeTp,
MOJIyYEHHE HAHOMATEPHUAJIOB.

Jlemoncmpayuu
Moaenu ABMKEHUS YaCTHII BEIICCTBA.
Mopenb GpOyHOBCKOTO JBUKEHUS.
Buaeoponuk ¢ 3anuchio peaibHOT0 OPOYHOBCKOTO JIBUXKCHHUS.
Huddysust KUIKOCTEN.
Mogaens onbiTa llTepHa.
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[IpuTsixeHue MOJIEKyJI.
Mopenu KPUCTaJUIMYECKUX PEIETOK.
Habmoienue u riccieoBanne H30IMPOIECCOB.

Yuenuueckuii sxcnepumenm, 1abopamopHvle pabomol, NPaAKMUKym

Uccnenosanue mpoiiecca yCTaHOBIICHUSI TEIJIOBOTO PAaBHOBECHS MPU TEIIOOOMEHE
MEXKY TOPSYEH U XOJIOJHOM BOHOM.

N3ydenne wu30TEpMHUYECKOro  Ipolecca (PEeKOMEHJO0BAHO  KCIOJIb30BAaHUE
1udpoBoii 1abopaTopun).

N3ydeHne n30XopHOTO mpoliecca.

N3yuenune n3o00apHOTO TpoIiecca.

IIpoBepka ypaBHEHHUS COCTOSIHHUSL.

Tema 2. Tepmoounamuka. Tennosvie mawiunbl

TepMoanHaMHUuecKas (TH) CHUCTEMA. 3agaHue  BHEIIHHUX  YCIIOBHUM
JUIs. TEPMOJAMHAMUYECKOM cucTeMbl. BHenHue u BHyTpeHHUE napaMeTpsl. [lapamerpsr
TEPMOJUHAMHUYECKON CHUCTEMBbl KaK CPEIHHE 3HAUYCHHUS BEJIMUUH, OMHUCHIBAIOIMIMX €€
COCTOSTHME Ha MHUKPOCKOIIMYECKOM YPOBHE.

HyneBoe  Hauamo  TepMOAMHAMHKHU. Camonpou3BoibHas  pellaKcalus
TEPMOJUHAMHUYECKON CUCTEMBI K TEIJIIOBOMY PAaBHOBECHIO.

Mogenps uaeanpbHOTO ra3a B TEPMOJAMHAMUKE — CUCTEMa YpPaBHEHHUI: ypaBHEHHE
MenneneeBa—KnanelipoHa © BBIp@&KEHHE JUIsI BHYTPEHHEW DHEpPruu. Y CIOBUSA
MPUMEHUMOCTH 3TON MOJENMU: HU3Kasi KOHIIEHTPAlUs YacTHUL], BBICOKHE TEMIIEPATYPHI.
Bripaxkenue 111 BHyTpEHHEN S3HEPTUH OJJHOATOMHOTO UJI€aJIbHOTO rasa.

KBa3zucrarnueckue 1 HeCTaTHYECKHUE TPOLIECCHI.

OnemeHTapHasi pabota B TepMoJUHAMHKE. Bpramcienue paboTbl 1o rpaduky
rpouecca Ha pV-auarpamme.

Teronepenayda kak cCnocod M3MEHEHUS! BHYTPEHHEN SHEPTHH TEPMOIMHAMUYECKON
cucTeMbl 0e3 coBepieHus: paboTsl. KOHBEKIMS, TEMIOMPOBOJHOCTD, U3JIyYEHHE.

KonnuectBo Temotel. Tenno€éMKocTh Tena. Y nebHasg U MOJISIPHAST TETIOEMKOCTH
BEIIECTBA. YpaBHeHHE Maiiepa. YaenbHas TemIOTa CropaHus TOIUIMBA. Pacuér
KOJIMYECTBA TEIUIOTHI TpH Terionepenaye. [lonarue o0 aguabaTHOM Tpoliecce.

IlepBblii 3aKOH TepMOAWHAMUKHA. BHyTpeHHss sHeprus. KoanuecTBo TEIUIOTH U
paboTa Kak Mephl U3MEHEHUSI BHYTPEHHEN YHEPTUHN TEPMOIUHAMUYECKONU CUCTEMBI.

BTopo#i 3akoH TepMOJWHAMHUKH JIsi PAaBHOBECHBIX IPOIECCOB: 4YEpe3 3aJaHHOE
PABHOBECHOE COCTOSIHUE TEPMOJUHAMUYECKOM CHUCTEMBbI MPOXOJIUT €IUHCTBEHHAs
annabara. AOCOJIIOTHASI TEMIIepaTypa.

BTopoii 3akOH TepMOAMHAMHKHU JiI HEPABHOBECHBIX IMPOIECCOB: HEBO3MOKHO
nepeaaTh TEIUIOTY OT OoJiee XOJIOJHOTO Tejia K 0oJjiee HarperoMy 0e3 KOMIIEHCAIluu
(Knay3uyc). HeobpatuMocTs TPUPOAHBIX MPOIECCOB.

[Tpunuune! aectus TerioBbix MamuH. KIIT/I.

Maxkcumanbaoe 3Hauenue KITJI. ukn Kapho.
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DKOJIOTUYECKUE ACHEKTHl MCIOJIb30BAHUS TEIUIOBBIX JABUrareneil. TermioBoe
3arpsi3HEHHE OKPYKAIOIIEH Cpe/Ibl.

TexHuuecKue YCTpOMCTBA MW TEXHOJOTMYECKHE MPOLECCHI:  XOJIOAWIBHUK,
KOHJMIIMOHED, NU3ENbHBIN U KapOIOpaTOpHBIN IBUTATEIH, MapoBasi TypOUHA, TOTyYEHHUE
CBEpXHU3KHX TEeMIEpaTyp, YTWIM3alUs «TEIUIOBBIX» OTXOJOB C HCIOJIb30BaHUEM
TEIUIOBOTO HAcoca, YTWIM3alUs OMOOPTraHMYECKOTO TOIUIMBA [UJIsl BBIPAOOTKU
«TETTOBOI U 3JIEKTPOIHEPTUU.

Jlemoncmpayuu
N3MeHeHune TeMnepatypsl Ipy ainabaTHIeCKOM PaCIIMPECHHH.
Bo3nymnoe orauso.
CpaBHeHUE yJIeTbHBIX TEIIIOEMKOCTEH BEILIECTB.
CnocoObl M3MEHEHUS BHYTPEHHEN YHEPTUH.
Uccnenosanue agnabaTHOTO MpoIiecca.
KomribroTepHbie MOJI€NIN TEMJIOBBIX JIBUTATEIICH.

Yyenuueckuii sxcnepumenm, rabopamopHuvle pabomol, NPAKMUKymM

N3mepenue yaenpHOU TENI0EMKOCTH.

Hccnenosanue npouecca OCTbIBaHUSI BELIECTBA.

UccnenoBanue annadbaTHOTO TIpoliecca.

N3ydyenne  B3aMMOCBSI3M  DHEPrUM  MEKMOJICKYJIPHOTO  B3aWMOJICVCTBUA
Y TEMIIEPATYPhI KUTICHUS )KUAKOCTEH.

Tema 3. Aepezammusie cocmosnusa geugecmea. Dazoesvle nepexoovl

[Tapoo6pa3oBanue u KoHJeHcanus. VcnapeHue u KumeHwe. Y AelbHasl TerjioTa
napooOpa3zoBaHusl.

Haceimiennbie 1 HeHachIEHHbIE MTapbl. KauecTBEHHAs! 3aBUCUMOCTD TIOTHOCTH U
JABJICHUS] HACBHIIIEHHOTO Tlapa OT TeMIepaTyphbl, WX HE3aBUCUMOCTh OT OO0BEMa
HACBIIIEHHOTO Mapa. 3aBUCUMOCTh TEMIIEPATYPbI KUTICHUS OT JABJICHUS B KUJKOCTH.

BnaxxnocTh Bo3myxa. AGCONIOTHAS U OTHOCUTEbHAS BIAXKHOCTb.

TBépnoe Ttenmo. Kpucramnuyeckue u amopdHbie Tena. AHH3OTPOINUS CBOWCTB
KpuctaiuioB. [lnaBrneHwe ©  KpucTauM3alus. YAelbHas TEIloTa IUIaBJICHUS.
CyOnmumarusi.

Hedbopmarmu TBEpHOTO Tena. Pactsxkenue u cxartue. Casur. Moayns Ownra.
[Ipenen ynpyrux nedopmarui.

TeroBoe pacmupeHue KUAKOCTEH U TBEPABIX Tel, OObEMHOE W JIMHEHHOE
paciidpeHue. AHrapMOHHM3M TEIUIOBBIX KOJICOAHMI YacTHIl BENIECTBA KaK IMPUYUHA
TEIUIOBOTO PaCIIUPEHUs Tell (Ha KaYeCTBEHHOM YPOBHE).

[IpeoOpazoBanue sHeprun B (pa3zoBbIX Epexoaax.

YpaBHeHUE TEIJI0BOTO OajaHca.

[ToBepxHocTtHOoe HaTshKeHHE. Kod(QGUIIMEHT MOBEPXHOCTHOTO  HATSHKCHHUS.
Kanwmisipasle sBieHus. [laBiieHuWe 1107 HMCKPUBIEHHONW NOBEPXHOCTBIO KUIAKOCTH.
®opmyiia Jlaraca.
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TexHuueckue yCTPOﬁCTBa N TCXHOJIOTHYCCKHUEC IIPOLECCChI: JXUIKHUC KPpUCTAJIIbI,
COBPCMCHHBIC MaTCpUaJIbI.

Jlemoncmpayuu
TennoBoe pacmnpeHue.
CBoiicTBa HACBIIIICHHBIX MTAPOB.
Kunenue. Kunenue npu mnoHWKEHHOM JTaBJICHUHU.
N3mepenue cuiibl TOBEPXHOCTHOTO HATSXKEHMUS.
ONLBITHI ¢ MBUILHBIMH INIEHKAMH.
CMaunBaHue.
KanunnsapHeie siBeHusl.
Mopenu HEHbIOTOHOBCKOM JKUJIKOCTH.
CnocoObl U3MEPEHUS BIAKHOCTH.
HccnenoBanue HarpeBaHus U IUIABJICHUS KPUCTAIMYECKOTO BEIIIECTRA.
Bunsl gedopmanmii.
Habmronenue manpix nedopmarniui.

Yuenuueckuii sxcnepumenm, 1abopamopHsle pabomul, NPAKMUKYM

N3ydenune 3akOHOMEPHOCTEN HCTIAPEHUS KU IKOCTEN.

N3mepenne yaenbHON TEIJIOTHI TUIABJICHHUS JIBIA.

W3yuyeHue CBOMCTB HACHIICHHBIX I1APOB.

W3mepenne aOCONIOTHOM BIAQKHOCTH BO3AyXa M OIIGHKA MAacchl IapoB
B ITIOMEIICHHH.

N3mepenne kordpuireHTa HOBEpXHOCTHOTO HATAKEHUSL.

Nsmepenune monyns FOunra.

HccnenoBanue 3aBUCUMOCTH AeOpMALIMA PE3MHOBOTO 00pasiia OT MPUIOKEHHOM
K HEMY CHJIBL.

Paznen 4. JjaekTpoguHAMHKA
Tema 1. Inekmpuueckoe none

OnexkTpu3aumss Tenl W €€ MNpOosABICHUSA. OJIEKTpUYeCcKHi 3apsn. JlBa Buna
NEKTPUYECKUX  3apsaoB.  [IpOBONHMKHM,  AMDJIEKTPUKM U ITOJYIIPOBOJHUKH.
DOneMeHTapHbIN ANEKTPUUECKUH 3apsj. 3aKOH COXPAHEHUs AIEKTPUUECKOro 3apsijaa.

B3aunmogeiictBue 3apsoB. Toueunsie 3apsasl. 3akoH KynoHa.

DJIeKTpUUECKOE noJie. Ero neiicTBre Ha JIEKTPUUYECKHE 3apsiIbl.

Hanpsixénnocts 3nexktpudeckoro noist. [Ipodusiii 3apsa. JInHuM HanpsyKEHHOCTH
IEKTpUUYECKOro nojst. OMHOPOIHOE IIEKTPUUYECKOE TOJIE.

[ToTeHIMaNBHOCTh ~ ANEKTPOCTATUYECKOTO  Toyisl.  Pa3HOCTP  NMOTEHUHAIOB
u HanpspkeHue. IloTeHnmanbHas dSHeprus 3apsga B JJIEKTPOCTATHYECKOM IOJIE.
[Torennuan snexkrpocrathdyeckoro mnojs. CBsA3b HANPSIKEHHOCTU MOJSA U Pa3HOCTH
NOTEHIMAJIOB  JJIi  3JEKTPOCTaTHYEeCKOro TmoJyigs (Kak OJHOPOJHOrO, TakK M
HEOJHOPOJIHOTO).

[IprHIMI CyNIEpIIO3UIINH DIIEKTPUIECKUX ITOJIEN.
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ITone Ttoueunoro 3apspa. Ilone paBHOMepHO 3apspkeHHON cdepnl. Ilome
PaBHOMEpPHO 3apsbKeHHOro 1o oO0béMy miapa. llome paBHOMEpPHO 3aps>KEHHON
OeckoHeuyHOM IIOCKOCTU. KapTuHbl JHMHUN HaNpsOKEHHOCTH JITHUX TOJIEH W
HKBUITOTEHIUAJIBHBIX TOBEPXHOCTEM.

IIpoBOAHUKY B 3IEKTPOCTATUYECKOM I10JIE. Y CIIOBUE PABHOBECHS 3aPsIOB.

JIM3IIEKTPUKN B 3JEKTPOCTATHYECKOM ToJie. [M3sieKTpruuecKas NpOHUIAeMOCTh
BEILECTBA.

Konpencarop. OneKTpOEMKOCTh KOHAEHCATOpa. JIEKTPOEMKOCTh  IJIOCKOTO
KOHJIEHCATOpA.

[TapamienpHOE CcoenMHEHHE KOHJEHCATOpoB. llocnenoBarenbHOe COEIMHEHHE
KOHJICHCATOPOB.

DHeprus 3apsLKEHHOTO KOHASHCATOpa.

JIBr>KeHHE 3aps>KEHHOW YaCTUIBI B OJTHOPOJHOM 3JIEKTPUUYECKOM IIOJIE.

TexHuueckue yCTPOWCTBA M TEXHOJOTHYECKUME IPOLECCHL:  AIEKTPOCKOI,
AIIEKTPOMETP,  DJIEKTPOCTATUYECKAs  3allliTa,  3a3€MJICHUE  3JIEKTpOonpuOOpoB,
KOHJIeHCcaTophl, reneparop Ban ne I'paada.

Llemoncmpayuu

Y CTpONCTBO ¥ IPUHLIAI JEHCTBUS AJIEKTPOMETPA.

DIIEKTPUYECKOE TTOJIE 3aPSIKEHHBIX IIapPUKOB.

DIIEKTPUYECKOE MOJIE ABYX 3aPSIKEHHBIX TUIACTHH.

Moguensb anekTpocraTudeckoro reanepatopa (Ban ne ['paada).

IIpOBOJHUKH B DJIIEKTPUYECKOM IIOJIE.

DIIEKTPOCTATUYECKAS 3aIUTA.

Y CTpOUCTBO U IEUCTBUE KOHJIEHCATOPA ITOCTOSHHOM U IEPEMEHHON EMKOCTH.

3aBUCHUMOCTh JJIEKTPOEMKOCTH IUIOCKOTO KOHAEHCAaTOpa OT IUIOLIAAW IUIACTHH,
PACCTOSTHUS MEXK1Y HUMHU U TUDJIEKTPUUECKON MPOHULIAEMOCTH.

DHeprus AIEKTPUYECKOTO MO 3apSHKEHHOT0 KOHIEHCATOopa.

3apszka 1 pa3psiika KOHJIEHCATOpa Yepe3 pe3UCTop.

Yyenuueckuii sxcnepumenm, 1abopamopHvle pabomol, NPAKMUKYM

OrneHka cu1 B3aUMOJICHCTBUS 3apSIKCHHBIX TEJT.

HaOmronenue mnpeBpalieHus SHEPTUM 3apsHKEHHOTO KOHJEHCATOpa B DHEPTUIO
W3JIyYEHUs CBETOANO/IA.

N3yuenue npoTekaHusi TOKa B IIEMH, COACPIKAILCH KOHIEHCATOP.

Pacnpenenenue pasHOCTH MOTEHIMAIOB (HAMPSDKEHMS) MPU TOCIIEI0BaTEIbHOM
COCMHEHUN KOHICHCATOPOB.

Uccnenosanue paspsjia KOHIEHCATOPA Y€pPE3 PESUCTOP.

Tema 2. Ilocmoannblii 31eKmpudeckuil MoK
Cwuna toka. [TocToAHHBIN TOK.

VYcnoBust CyliecTBOBaHUS MOCTOSIHHOTO AJIEKTPUYECKOr0 TOKa. MICTOUHMKH TOKa.
Hanpsoxkenue U u D/1C &.
3akoH OMa Jy1sl ydacTKa LEMu.
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DJIEKTPUYECKOE CONPOTHUBJIEHUE. 3aBUCHUMOCTb COMNPOTHUBIEHUS OJHOPOJHOTO
MPOBOJAHUKA OT €ro JUIMHbI MW IUIOHIAAW IIOMEPEYHOTO CEYECHUS. Y IEJIbHOE
COIIPOTHUBJICHUE BEILIECTBA.

[TocnenoBarenpHOE, NapaJLIENBHOE, CMEIIIAHHOE COEIMHEHNE POBOAHUKOB. Pacuér
pa3BeTBIEHHBIX eKTpuueckux uenei. [Tpasuna Kupxrodga.

PaboTa snexrpudeckoro Toka. 3akoH Jxoymns—Jlena.

MOIIHOCTP  3JEKTPUYECKOTO  TOKa. TemoBas  MOIIHOCTb,  BBIAEISIEMAs
Ha PE3UCTOpE.

OJIC 1 BHyTpeHHEE CONPOTHUBJIICHHUE HMCTOYHHUKA TOKAa. 3akoH OMa aJisi TOJTHOM
(3aMKHYTOMI) 3JIeKTpUYECcKOM 11enu. MouHOCTh HCTOYHMKA Toka. KopoTkoe 3aMbIkaHue.

KoHaeHcaTop B 1IENH MOCTOSIHHOTO TOKA.

TexHnyeckue ycTporucTBa M TEXHOJIOTUYECKHUE MTPOLECCHI: aMIIEPMETP, BOJIBTMETD,
peocTar, CYETYUK IIEKTPUIECKON IHEPTUH.

Jlemoncmpayuu

W3mepenue cuiibl TOKa U HAIIPSKEHMSL.

HccnegoBanue 3aBUCMMOCTH CHJIbI TOKA OT HANPsDKEHUS ISl PE3UCTOpPA, JaMIIbl
HAaKAJIMBAHUS U CBETOIHOA.

3aBUCUMOCTB CONPOTUBIICHUS IWJIMHAPUYECKUX IPOBOAHUKOB OT JUIMHBI, IIJIOIIATN
MONEPEYHOr0 CEYEHHS U MaTepuara.

HccnenoBanue 3aBUCMMOCTH CHJIBI TOKa OT CONPOTHBJIEHUS MPU MOCTOSHHOM
HaNpPSHKEHUU.

[Ipsamoe m3mepenue D/]C. KopoTkoe 3ampIkaHHE TadbBAHUYECKOTO AJIEMEHTA U
OLICHKA BHYTPEHHETO CONPOTUBIICHUS.

Crnioco6bl coemuHenns uCTOUHUKOB Toka, D/[C OGaTapei.

HccnenoBanue pa3HOCTH MOTEHIIMATIOB MEX/1y TOJIFOCAMU HCTOYHUKA TOKA OT CHIIBI
TOKa B LICTIH.

Yuenuueckuii sxcnepumenm, 1abopamopHule pabomul, NPAKMUKYM

HccnenoBanue cCMEIIaHHOTO COEMHEHUS PE3UCTOPOB.

N3mepeHue yiebHOTro COMPOTUBIICHUS TPOBOTHUKOB.

UccnenoBanue 3aBUCUMOCTH CUJIbI TOKA OT HAMPSHKEHUS TS JIAMIThI HaKaJTUBaHMUS.

VYBenuuenue npeaesia u3MepeHust amnepMerpa (BoabTMETpa).

N3mepenue D/1C v BHyTPEHHETO COMPOTUBIICHUSI ICTOYHHUKA TOKA.

Uccnenosanne 3aBucumMoctd IJ[C TallbBaHUYECKOTO 3JIEMEHTAa OT BPEMEHU
MIpU KOPOTKOM 3aMbIKaHHH.

HccnegoBanue pa3HOCTH MOTEHIIMATIOB MEXKY MOJIFOCAMHU UCTOYHUKA TOKA OT CHUJIBI
TOKA B IEIH.

HccnegoBanue 3aBUCUMOCTH MOJ€3HON MOLUTHOCTH UCTOYHHMKA TOKA OT CHJIbI TOKA.

Tema 3. Toku 6 pazuunwlx cpeoax

DIIEKTpUYECKAS TPOBOAUMOCTh PA3JIMYHBIX BEIIECTB. DJIEKTPOHHAS TPOBOJIUMOCTh
TBEPJBIX METAJUIOB. 3aBUCHUMOCTh CONPOTUBICHHS METAUIOB OT TEMIEPaTyphl.
CBepXITpOBOIUMOCTb.
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OnekTpuueckuid TOK B Bakyyme. CBOMCTBa  3JEKTPOHHBIX  ITYYKOB.

[TonynpoBoauuku. CoOCTBEHHAs! M IPUMECHAs! TPOBOJAUMOCTD MOJTYIIPOBOIHUKOB.
CaoiictBa p—Nn-nepexona. [loaynpoBogHUKOBBIE TPUOOPHI.

ONEeKTpUYECKUA TOK B DJIEKTPOJIMTAX. OJEKTPOJMTHYECKAs JUCCOLMALMA.
Onextposns. 3akoHbl Dapajaes 11 dIEKTPOIU3a.

OnexkTpudyeckuid TOK B rasax. CaMOCTOSATENbHBIA U HECAMOCTOSTENBHBINA pa3psl.
Paznuynble TUIIBI CAMOCTOSTENBHOTO pa3psiaa. Moanust. [Tnazma.

TexHruecKue yCTpONCTBAa U MPAKTUYECKOE NPUMEHEHHUE: ra30pa3psaHbIE JIAMIIbI,
AIIEKTPOHHO-JIy4eBasi TpyOKa, MOJYNPOBOJHUKOBBIE MPHOOPHI: TUOJM, TPAH3UCTOD,
doTtoanon, CBETOAMO[, TrajdbBaHUKA, paQUHUpPOBAHHE MEIU, BbIIIABKA AJIOMHUHUSA,
AIIEKTPOHHASE MUKPOCKOIIHS.

Jlemoncmpayuu
3aBUCHUMOCTB COITPOTUBIIEHNSI METAJJIOB OT TEMIIEPATYPBI.
IIpoBOAUMOCTB 3IIEKTPOIIUTOB.
3akoHbI 3eKTposn3a Papajes.
HckpoBoit pa3psii v IpOBOJAUMOCTb BO3yXa.
CpaBHeHrE IPOBOIUMOCTH METAJLIOB U MOIYIIPOBOJHUKOB.
OnHOCTOPOHHSISI IPOBOAMMOCTD TUOAA.

Vuenuueckuii sxcnepumenm, 1abopamopHule pabomul, NPAKMUKYM
Hab6nronenue snexrponusza.
W3mepenue 3apsia 0JTHOBAJIEHTHOTO HOHA.
HccnenoBanue 3aBUCUMOCTH CONTPOTUBIICHUS TEPMOPE3UCTOPA OT TEMIIEPATYPHI.
CHsITHE BOJIbT-aMIIEPHON XapaKTEPUCTUKHU JUOIA.

Du3nyecKnil NPAKTUKYM

Cnoco0Obl u3MepeHus (PU3NYECKUX BEIUYUH C HCIOJIb30BAHUEM AHAJIOTOBBIX H
IUGPOBBIX HU3MEPUTENBHBIX NPUOOPOB U KOMIBIOTEPHBIX JATYUKOBBIX CHCTEM.
AOCONIOTHBIE M OTHOCHUTENIbHBIE MOTPEUIHOCTH H3MEPEHUN (PU3UYECKUX BEJINYHH.
OueHka rpaHull MOrPeENTHOCTEN.

[IpoBeneHNE KOCBEHHBIX W3MEPEHHM, MCCIACAOBAHUN 3aBUCHUMOCTEH (DU3UIECKUX
BEJIMYMH, TNPOBEpKAa MPEIJIOKEHHbIX TUNoTe3 (BbIOOp U3 palboOT, OMHCAHHBIX
B TEMaTHUECKHUX pa3jeNiaXx «YUEeHHYECKHH HSKCIEpUMEHT, JabopaTopHble padoThl,
MPaKTUKYM»).

MexknpeaMeTHbie CBA3H

N3yuenne kypca ¢usmku yrimyonéaHoro ypoBHs B 10 kiacce OCYIIECTBISETCS
C YIETOM COJIEPIKATEIbHBIX MEKIIPEIMETHBIX CBA3EH C KypcaMH MaTEMaTUKH, OMOJIOTHH,
XUMUH, Teorpa(uu ¥ TEXHOJIOTHH.

Mesxicnpeomemmuvie nNOHAMUA, CBA3AHHBIE C UYUEHUEM MEMmO0008 HAYYHO20
no3nanua: SABICHNUE, HAYYHbIN (akKT, TUIOTE3a, (U3NUECKass BEIMYMHA, 3aKOH, TEOPHUS,
HaOJIOICHUE, SKCIEPUMEHT, MOJCIUPOBAHUE, MOJIeNb, H3MEpPEHUE, MOTPEIIHOCTH
U3MEPEHUI, U3MepUTENIbHbIE MPUOOPHI, I poBas 1adopaTopusi.
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Mamemamuxa: Pemienue cucrembl ypaBHeHu#. JluneitHass ¢yHkuus, napabodna,
runepooa, ux rpaduku u cBoiicTBa. TpuroHoMeTpuueckue PyHKIMHU: CUHYC, KOCHUHYC,
TAHI€HC, KOTAHINE€HC, OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO. BekTopsl M uX
IPOEKIMHU Ha OCH KOOPJIMHAT, CIIOKEHUE BEKTOPOB.

buonozua: Mexanudeckoe [BUKEHUE B JKMBOM mpupoxae, nupdysus, ocmoc,
TEIUIOOOMEH JKUBBIX OPraHU3MOB, TEIUIOBOE 3arps3HEHHE OKpYKAIOLIEH Cpenbl,
yTuiau3auus  OMOOPraHMYECKOro  TOIUIMBA  JUIsl  BBIPAOOTKH  «TEIUIOBOM» U
JIEKTPOIHEPTHUH, IOBEPXHOCTHOE HATSIKEHHWE M KalWJULIPHBIE SIBJICHUS B IIPUPOJE,
IIEKTPUYECKUE SIBJICHUS B KUBOU IPUPOJIE.

Xumusn: DUCKPETHOE CTPOCHHE BEIIECTBA, CTPOECHUE AaTOMOB M MOJIEKYJ, MOJIb
BEILECTBA, MOJIAPHAsl Macca, MOJyYeHHE HAaHOMATEPHUAJIOB, TEIJIOBBIE CBOMCTBA TBEPBIX
TE€J, )KUJAKOCTEH W Ta30B, JKUJIKHE KPUCTAJLIBI, JJEKTPUUYECKHME CBOMCTBA METAJUIOB,
AIIEKTPOIUTUYECKAs JUCCOLMALINS, FaJbBaHUKA, SJIEKTPOHHAS MUKPOCKOTIHS.

T'eozpaghus: BNaxXxHOCTh BO3yXa, BETPBI, 0apOMETP, TEPMOMETD.

Texnonozua: npeoOpa3zoBaHUE JIBUXKEHHUI C MCIOJIb30BAHHMEM MEXAHHU3MOB, YUET
CyXOr0 M JKHJIKOIO TPEHUS B TEXHUKE, CTATUYECKHE KOHCTPYKIMHU (KPOHIITEIH,
penieTyarbie KOHCTPYKIIMH), HCTIOJIb30BAHUE 3aKOHOB COXPAHEHUSI MEXaHUKU B TEXHUKE
(rupockomn, BOJOMET U JAPYTUe), ABUTATellb BHYTPEHHErO CropaHus, naponas TypOuHa,
OBITOBOM  XOJIONWJIBHUK, KOHJUIMOHEpP, TEXHOJOIMU IMOJIY4YEHUS COBPEMEHHBIX
MaTepHaoB, B TOM YHCIIE€ HAHOMATEPUAJIOB, U HAHOTEXHOJIOTUH, JEKTPOCTATUYECKAS
3alllMTa, 3a3€MJICHUE AJIEKTPONPUOOPOB, ra30pa3psAHbIe JIAMIIbI, TOJIYIPOBOJHUKOBHIE
npuOOPHI, TAIbBAHUKA.

11 KJIACC

Pasznen 4. DnekTpoguHAMMKA
Tema 4. Maznummnoe none

BzanmopaencTBrue NMOCTOSIHHBIX MArHUTOB U MPOBOJHHUKOB C TOKOM. MarnutHoe
nosje. Bektop MarHUTHOW WHAYKUUU. [IpuHOMO Cynepno3WivMyd MarHUTHBIX IOJIEH.
JIMHMKY MarHUTHOW MHIYKIIHH.

MaruutHoe T10Jie TMPOBOJHHMKA C TOKOM (IIPSMOrO TMPOBOJHUKA, KATYIIKU
U KpyroBoro Butka). OneIT Jpcrena.

Cuna AMmnepa, €€ HarpaBJICHUE U MOJYJIb.

Cuna JlopeHua, €€ HampaBlICHUE U MOJYJb. [[BHKEHHE 3apsyKEHHOM YaCTHIIbI
B OJTHOPOJTHOM MarHuTHOM Mojie. PaboTa cuisl Jlopenna.

MarnauTHoe o€ B BellecTBe. DeppoMarHeTUKy, rapa- U JuaMardHeTUKH.

TexHudeckre yCTpPOMCTBA MW  TEXHOJOTHMYECKUE TMPOLECChl: MPUMEHEHHE
MOCTOSIHHBIX MAarHuTOB, JJICKTPOMArHUTOB, TECTEP-MYJIbTUMETP, 3JIEKTPOABUTATEID
Axo0u, yCKOPUTEIH dJIEMEHTAPHBIX YACTHII.

Jlemoncmpayuu
KapTtuna nuHMM MHIYKIIMM MArHUTHOTO TOJIS TMOJIOCOBOTO M TOJAKOBOOOPa3HOTO
MMOCTOSTHHBIX MarHUTOB.
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KapTuHa nuHMII MarHUTHOM MHAYKUMHU TOJISI JJIMHHOTO MPSAMOTO MPOBOJHUKA U
3aMKHYTOTO KOJIBLIEBOTO IMPOBOJIHUKA, KATYIIKH C TOKOM.

B3auMopelicTBre 1BYX IPOBOJHUKOB C TOKOM.

Cuna Amnepa.

JencrBue cuibl JIOpeH11a Ha HOHBI AJIEKTPOJIUTA.

Habmronenue nBrkeHUs MydKa 2JIEKTPOHOB B MATHUTHOM TIOJIE.

[TpyuHIMO IEUCTBUSA AJIEKTPOUIMEPUTEIHHOTO MprOOpa MarHUTORJICKTPUIECKON
CHCTEMBI.

Vuenuuecxuii sxcnepumenm, 1abopamopHvie pabomol, NPAKMUKYM
HccnenoBaHre MarHuTHOTO TOJISI ITOCTOSTHHBIX MAarHUTOB.
HccnenoBanue cBOMCTB (peppOMarHETUKOB.
HccnenoBanue nelCTBUSA MOCTOSHHOIO MAarHUTA HA PAMKY C TOKOM.
N3mepenue cuibl Amiiepa.
N3yueHne 3aBUCUMOCTH CUJIbI AMIIEPA OT CUJIbI TOKA.
Onpenenenrne MarHUTHOM MHIYKIIMA HA OCHOBE U3MEPEHUS CUIIbI AMIIEpPA.

Tema 5. InekmpomacHumHas UHOYKYU

SIBneHHE 3JIEKTPOMArHUTHOM MHAYKUIHH. [IOTOK BEKTOpa MarHUTHOM WHIYKIIHH.
OJAC wuHaykuumu. 3akoH HJEKTpoMarHuTHOM wuHAykuuu @Papanes. Buxpepoe
anexkTpuueckoe noie. Toku dyko.

OJ1C uHAYyKUHUK B IPOBOJIHUKE, ABUKYIIEMCS B OJTHOPOJJHOM MarHUTHOM TIOJIE.

[Ipasuo Jlenua.

NupykruBHOCTh. KaTymka MHAYKTUBHOCTH B LIENU MTOCTOSHHOTO TOKa. SIBieHue
camounaykiuu. 9J1C caMOMHIYKIIUH.

DHeprusi MAarHUTHOTO TOJISI KATYIIKHA C TOKOM.

DJIEKTPOMarHuTHOE MOJIE.

TexHuyeckre yCTpOMCTBA M TEXHOJIOTMYECKHE MPOLECCHl: MHAYKIUOHHAS IEYb,
COJIEHOMJI, 3aIIUTa OT JIEKTPU3ALNH TEJI IPU JABUKEHUU B MATHUTHOM T10JI€ 3EMIIH.

Jlemoncmpayuu

Habmronenue sBineHus 2JIeKTPOMAarHUTHON UHTYKIIHH.

Uccnenosanue 3aBucumoctd I/1C MHAYKINHU OT CKOPOCTH U3MEHEHHSI MATHUTHOTO
MOTOKA.

[IpaBuio Jlenna.

[Tagenue maruvTa B aTFOMHUHUEBOM (MEIHOM) TpyOe.

SIBrIeHME CAaMOMHIYKIIUU.

Uccnenosanue 3apucumoctu IJIC caMOMHIYKIIUU OT CKOPOCTH U3MEHEHUS CUJTbI
TOKa B IICTIH.

Yyenuueckuii sxcnepumenm, 1a6opamopHvle padbomul, NPaKmMuKym
UccnenoBanue siBIEHUS 3JIEKTPOMAarHUTHON MHAYKIWH.
Onpenenenre UHAYKIIMA BUXPEBOTO MAarHUTHOTO ITOJIS.
UccnenoBanue sSBICHUS] CAMOUHIYKITUH.

Co6opka MojeNH AIEKTPOMAarHUTHOTO TeHepaTopa.
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Pa3nen 5. Kosred0anus 1 BOJIHBI
Tema 1. Mexanuueckue xonebanusn

KonebarenpHas cucteMa. CBOOO HEIE KOJIEOaHM.

I'apmonnyeckue koneOanusi. KuHemMarnyeckoe W JIMHAMHYECKOE OIMCaHUE.
DHEPreTUuecKoe ONUCaHHe (3aKOH COXpPaHCHHS MEXaHMYeCKOW »Hepruu). BrIBoj
JTUHAMUYECKOT'0 OMHCAHWUS TapMOHMYECKUX KOJICOAHMN W3 WX DHEPreTUYeCcKoro u
KHHEMATHYECKOI'0 OMMCaHUs.

Ammumntyaa u  (aza xonebanuif. CBS3p aMIUIMTYABl KOJIEOAHUI HMCXOIHOM
BEJIMYMHBI C aMIUTUTYJJaMU KOJIeOaHHI €€ CKOPOCTH U YCKOPEHHUSI.

Ilepuonq wm wyactora kosebGanmii. Ilepron ManmsiX CBOOOAHBIX —KOJeOaHUM
MaTeMaTH4ecKoro MasiTHUKa. [leprnos cBOOOIHBIX KOeOaHUM MPYKMHHOTO MasiTHUKA.

[Tonarue o 3aTyxammux KojieOaHusX. BreIHyXJIeHHBbIC KojeOaHus. Pe3onHaHc.
PesonancHass kpuBas. BimsgHue 3aryxaHus Ha BHJI PE30HAHCHOM  KPHUBOW.
ABTOKOJIEOAHNS.

TexHn4eckne yCTpOMCTBA M TEXHOJIOTUYECKHE IPOLECChl: METPOHOM, 4Yachl,
Kaudelid, My3bIKaJIbHbIE HHCTPYMEHTHI, ceiicMorpad.

Llemoncmpayuu

3amnuch KOJIE0ATEIILHOTO IBUKEHHUS.

HaGmronenne HE3aBUCHUMOCTH TepuoJa MajblXx KojeOaHud Tpy3a Ha HHUTU
OT aMILTUTY/IbI.

UccnenoBanue 3aTyxarmuX KojieO0aHUM M 3aBUCUMOCTH TEPHOJIa CBOOOIHBIX
KOJICOAHHI OT COMPOTUBIICHUSI.

HccnepgoBanue kosiebaHuil rpy3a Ha MAaCCUBHOM MPYKUHE C 1IEJIbI0 (POPMUPOBAHUS
npeACTaBIeHU 00 ueaaTbHON MOACIH NPYKUHHOTO MasSTHUKA.

3aK0H COXpaHEHUS YHEPTUU TIPH KOJICOAHUSX Tpy3a Ha MPYKUHE.

HccnenoBanue BRIHYKIECHHBIX KOJICOAHMIA.

Habmronenue pesonanca.

Yuenuueckuii sxcnepumenm, rabopamopHuvle padbomul, NPAKMUKYM
N3mepenue neproia CBOOOIHBIX KOJIEOAHUN HUTSHOTO U IPYKUHHOTO MasiTHUKOB.
N3yuyenune 3aK0OHOB JIBUKEHHUA TeJa B X0JI€ KoJieOaHUl Ha yIpyroM MojBece.
N3ydeHne nBUKEHUS HUTSIHOTO MasiITHUKA.
[IpeoOpazoBanue YHEPTUN B IPY>KUHHOM MasiTHUKE.
HccnenoBanue yObIBaHMS aMILTUTY Bl 3aTYXAIOMUX KOJICOAHMIA.
UccnenoBanue BoIHYXACHHBIX KOJICOAHUIA.

Tema 2. InekmpomazHumHuble KojleOanus

Koneb6arenbupiit KoHTYp. CBOOOIHBIE SJIEKTPOMArHUTHBIE KOJIEOAHUS B UCATHHOM
KojebarenbHOM KoHType. @opmyrna Tomcona. CBs3b aMILTUTY/IBI 3apsiaa KOHACHCATOpa
C aMIUTUTYJION CHJIBI TOKA B KOJIEOATEILHOM KOHTYPE.

3aK0H COXpaHEHUS YHEPTUU B HJICATTLHOM K0JIeOaTEeTbHOM KOHTYpE.

3aryxaromiye 3JIeKTPOMarHUuTHBIE KoJieOaHus. BbIHYKI€HHbBIE IeKTPOMarHUTHBIC
KoJIeOaHusl.
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[TepemeHHbI TOK. MOIIHOCTh MEPEMEHHOTO TOKA. AMIUIMTYITHOE U JACHCTBYIOIIEE
3HAYCHHUE CUJIbI TOKA U HAIMPSDKEHUS TIPU pa3InyHON (popMe 3aBUCUMOCTH IIEPEMEHHOTO
TOKa OT BPEMEHHU.

CuHycouJalIbHBIM TIEPEMEHHBIA TOK. Pe3ucTtop, KOHIEHCATOp M KaTyllKa
WHIYKTUBHOCTA B 1€MW CHUHYCOUJAIBHOTO TEPEMEHHOIO0 TOKa. Pe30HaHC TOKOB.
Pe3onaHC HanpsiKeHUN.

WNneanbupiii  Tpanchopmarop. IlpousBoacTtBo, mepenadya © - MOTpeOJICHHE
AIEKTPUYECKON SJHEPTUH.

DOKOJIOTUYECKHE PHUCKH TIPU  MPOU3BOJCTBE  AJeKTpodHepruu. KynbTypa
WCIIOJIb30BaHUS 3JIEKTPOIHEPTUU B TOBCEHEBHOM KU3HMU.

TexHn4eckre yCTPOUCTBA U TEXHOJOTHYECKUE MPOLIECCHL: SJIEKTPUUECKUAN 3BOHOK,
TEHEPATOP MEPEMEHHOI0 TOKA, JJUHUU 3JICKTPOIIepeaay.

Jlemoncmpayuu

CB0OOHBIE 3JIEKTPOMArHUTHBIE KOJICOAHMS.

3aBUCUMOCTh YaCTOThl CBOOOJIHBIX KOJICOAHHI OT MHAYKTUBHOCTH U EMKOCTH
KOHTYpA.

OcuusuiorpaMMbl AIEKTPOMATrHUTHBIX KOJICOAHMIA.

['eneparop He3aTyXaroMIMX JIEKTPOMArHUTHBIX KOJICOaHUH.

Mogenb 3JIeKTpOMarHUTHOTO FEHEpaTopa.

BoiHyX1€HHbIE CHHYCOUIAJIbHBIE KOJICOaHNS.

Pesucrop, kaTy1ika HHIYKTUBHOCTH M KOHACHCATOP B MU MTEPEMEHHOT0 TOKA.

Pe3onanc mpu  mocneAoBaTENbHOM — COEAMHEHHWUM  PE3UCTOpa,  KaTyLIKU
WHIYKTUBHOCTH U KOHJIEHCATOpA.

VYerpoiicTBO v pUHIIUI ASHCTBUS TpaHcpopmarTopa.

Mopenb TMHUY 3JIEKTpoNepeiayn.

Vuenuueckuii sxcnepumenm, 1abopamopHule pabomul, NPAKMUKYM

N3yuenue tTpancopmaropa.

HccnenmoBanue TmEpeMEHHOTO TOKAa dYepe3 TOCIEAO0BATEIbHO COCTUHEHHBIC
KOHJICHCATOP, KaTYIIKy U PE3UCTOP.

HaGmoienue 21eKTpoMarHuTHOTO Pe30HaHca.

Uccnenoanne paboThl KICTOYHUKOB CBETA B IEMU TIEPEMEHHOTO TOKA.

Tema 3. Mexanuueckue u IneKmpomazHumHble 60JIHbL

MexaHndecKkue BOJIHBI, YCIOBUS UX pacrpocTpaneHus. [lonepednsie 1 mpo10IbHbBIE
BOJIHBI. [lepuon, ckopocTh pacnpocTpaHeHUs U AJIMHA BOJIHBL. CBONHCTBA MEXaHUYECKHUX
BOJIH: OTpaXKeHUE, IPeJIOMIICHHE, HHTEpdEepeHIIUs U TU(PaKIIHS.

3Byk. CkopocTh 3ByKa. [ poMKOCTh 3ByKa. Beicotra ToHa. TemOp 3ByKa.

[IlymoBO€E 3arpsi3HEHHUE OKPYKAIOILIEH CPEBI.

ONEeKTPOMAarHUTHbIE BOJHBL. YCIOBUS M3IyY€HUS DJIECKTPOMArHUTHBIX BOJIH.
BsanMHas OpHEHTAIHS BEKTOPOB E2 B} 1» B J1MEKTPOMATHUTHOH BOJIHE.

CBOICTBA ANEKTPOMArHUTHBIX BOJIH: OTPAKEHUE, MPEIOMIIEHUE, MOJIApU3ALNS,
uHTepdepeHus u qudpakiusi.
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[IIkama 53JIEKTPOMAarHUTHBIX BOJH. lIpuMeHEHue SIEKTPOMATHUTHBIX BOJIH
B TEXHUKE U OBITY.

[IprHIMIBI pagUOCBA3U U TeNEBUICHUS. Panqnonokanus.

DIEeKTPOMArHMUTHOE 3arpsi3HEHUE OKPYKAIOIIEH CPeIbl.

TexHuyeckue yCTpOWCTBA W NPAKTUYECKOE IPUMEHEHME: MY3BIKAJbHBIE
UHCTPYMEHTHI, pajap, paAuONpUEMHUK, TEJIEBH30p, aHTeHHa, Tenedon, CBU-meus,
YJIBTPa3BYKOBasl JUArHOCTHUKA B TEXHUKE U MEIUIIMHE.

Jlemoncmpayuu

O0bpazoBanue U pacpoCTpaHEHUE MOMEPEUHBIX U TPOJAOIBHBIX BOJIH.

Kone6momieecs Teo Kak UCTOYHUK 3BYKa.

3aBUCUMOCTb JIJIMHBI BOJIHBI OT YaCTOThI KOJICOAHUH.

Habitoienue otpaskeHus: U IpeIoMIICHUS] MEXaHUYECKUX BOJIH.

Hab6nronenue unrepdepeHuu v qudpakiiii MEXaHUYECKUX BOJH.

AKYCTUYECKHI pE30HAHC.

CBolicTBa ylbTpa3ByKa U €r0 IPUMEHEHHE.

HaGnronenue cBs3M rpOMKOCTH 3ByKa U BBICOTBI TOHA C aMIUTUTYI0M U 4aCTOTOM
KOJICOaHUH.

HccenenoBanue CBOMCTB AJIEKTPOMATHUTHBIX BOJIH: OTPAKEHHE, IPEIOMIICHUE,
noJisipu3anus, IMppakuus, UHTEpPEpeHIIHs.

Oo6nHapyxeHue nHPpPaKpacHOTo U yIbTPa)HUOIETOBOTO U3TyUEHUH.

Yuenuueckuii sxcnepumenm, 1abopamopuule pabomul, NpaKMuKym
N3ydenune napamMeTpoB 3ByKOBOW BOJIHBI.
N3ydenne pacrnpocTpaHeHns 3ByKOBBIX BOJIH B 3aMKHYTOM ITPOCTPAHCTBE.

Tema 4. Onmuxka

IIpsMonHeliHOE pacnpoCTpaHEHUE CBeTa B OAHOpPOAHOM cpene. Jlyd cBera.
To4deuHbIl NICTOYHUK CBETA.

OtpaxkeHre cBeTa. 3aKOHbl OTpaxeHus cBera. IlocTpoeHne wu300paxkeHU
B IUIOCKOM 3epkane. Cepuueckue 3epkaia.

[Ipenomnenue cBera. 3aKOHBI MpEIOMIICHUS cBeTa. AOCONIOTHBIM MOKa3aTesb
npenomiieHus. OTHOCUTENBHBIN MMOKa3aTelb npesoMiieHus . [[0CTOSHCTBO YaCcTOTHI CBETA
Y COOTHOULIEHNE JJIMH BOJIH IIPH IIEPEX01€ MOHOXPOMATHUYECKOTO CBETA YEPE3 IPAHHUILLY
paszeina IByX ONTUYECKHUX CPEX.

Xon nyueit B npusMme. Jucnepcus ceera. CnoxxkHbli cocTaB 6enoro ceera. L[Ber.

[TomHoe BHyTpeHHee oTpaxkeHue. IIpenenbHBI yrojg IOJIHOIO BHYTPEHHETO
OTPAKEHHUSI.

Cobuparone u paccenBaromiye aTuH3bl. ToHkas nuH3a. DoKycHOE paccTosiHUE U
ONTHUYECKass Cuja TOHKOM  JIMH3BL.  3aBUCUMOCTb  (POKYCHOTO  PaCCTOSIHHS
TOHKOW c¢epuyeckoil JUH3bI OT €€ TeOMETPUM U OTHOCHUTEIBHOIO TOKa3aTels
IIPEJIOMIICHUSL.

®opmyJsia TOHKOM JIMH3BI. Y BEIMYEHHUE, 1aBAEMOE JIMH30M.

24



Xon Jyda, TPOLIEAIIErO0 JWH3Y MOJ MPOWU3BOJBHBIM YIJIOM K €€ TIJaBHOU
onTuueckoit ocu. [locTpoeHre n300pa>keHui TOUKH U OTPE3Ka MPSMON B COOUPAIOIIUX U
paccenBaOIIMX JMH3aX U UX CUCTEMaX.

OnTuueckne nupudopsl. Paspemaromas crnocobHocts. ['a3 kak onTudeckas
cucrema.

[Ipenensl TPUMEHUMOCTH T€OMETPUUECKOUN ONTHUKHU.

BomnoBas ontuka. natepdepenius cBera. KorepeHTHbIE MCTOYHUKH. Y CIOBUS
HAOJIOICHUS] MAaKCUMYMOB MU MUHHUMYMOB B HMHTEP(EPEHIIMOHHON KapTUHE OT ABYX
KOT€PEHTHBIX UCTOYHUKOB. [IprMepbl KilacCuyecKux MHTEPPEPEHIIMOHHBIX CXEM.

Hudpakmus cera. JudpakunonHas pemérka. YcaoBHE HaOMIOIEHUS TIABHBIX
MaKCHMYMOB IIpH MaJICHUU MOHOXPOMATUYECKOTO CBETA HA AU(PPAKIIMOHHYIO PEHIETKY.

[Tonmapu3zanus ceera.

TexHuyeckue ycTporuCTBa U TEXHOJOTHUUECKUE IIPOLECCHI: OYKH, JIYIIa, IIEPUCKOII,
¢oroanmapaT, MHKPOCKOI, NPOEKLUHWOHHBIA ammapar, IPOCBETJICHUE ONTHKH,
BOJIOKOHHAsSI OTITHKA, TU(PAKIIMOHHAS pEHIETKA.

Jlemoncmpayuu

3aKOHBI OTPAKEHHS CBETA.

Hccnenoanue npenoMIICHHS CBETA.

HaGnronenue noiaHoro BHyTpEHHEro OTpaxkeHusa. Moiens CBETOBOAA.

HccnenoBanue xoa CBETOBBIX MMYYKOB Yepe3 TIOCKONApaIETbHYIO TUIACTUHY U
IPU3MY.

UccnenoBanue cBOMCTB M300pakeHUH B TUH3AX.

Mojiennn MUKPOCKOIIA, TEJIECKOTA.

HaGnronenue untepdepeHinm crera.

Habmronenue 1iBETOB TOHKUX TUIEHOK.

Habnronenue nudpakiuum ceera.

N3yuenue auppakinoOHHON pEeETKY.

Habmonenue nudpakiinoHHOTO CEKTpa.

Ha6nronenue nucnepcuu cBera.

Ha6nronenue nossipuszaiuu cBera.

[TpumeHeHne NoaIpOUI0B JI1 U3YUECHUS] MEXAaHUYECKUX HAMPSKCHUM.

Vuenuueckuii sxcnepumenm, 1abopamopHule pabomuol, NPAKMUKYM

N3mepenne mokasaresns mpeOMICHHsI CTEKIIA.

HccnenoBanue 3aBUCUMOCTH (DOKYCHOTO PAacCTOSIHUS OT BEIECTBA (Ha MpUMEpPE
KUJKUX JIUH3).

H3mepenne pOKyCHOTO pacCTOSIHUS PACCEUBAIOIINX JIMH3.

[Tomyuenune n300pakeHUs B CUCTEME U3 TUIOCKOTO 3epKajla v JTHH3BIL.

[Tomy4yenue n300pakeHrs B CUCTEME U3 IBYX JIMH3.

KoHcTpyrnpoBaHue TeIeCKOMMYECKIX CUCTEM.

Habmonenue mudpaxnum, nHTEpGEPEHINH U MOJIIPU3AIIMN CBETA.
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N3ydenue nosnsipuzanuu cBeTa, OTPaXKEHHOTO OT TOBEPXHOCTH TUDJIEKTPHKA.

N3yuenue uHTEpPEpEeHIINH JIA3EPHOTO U3ITyUYECHHSI Ha IBYX LLETAX.

Hab6nronenue nucnepeuu.

Hab6nronenue u uccienoBanue 1uppakimOHHOTO CIIEKTPa.

N3mepenune InrMHbI CBETOBOW BOJIHBI.

[lonydyeHue cnekTpa W3JIYYEHUS CBETOAMOJA TpU TOMOUIM JU(PaKIMOHHON
PELIETKH.

Pa3znen 6. OCHOBBI ClIEIIHAIBHOM TEOPUU OTHOCUTEIBLHOCTH

['panuibl OPUMEHUMOCTH KJIacCMYECKOW MexaHuku. IlocTynarel crnenuaibHON
TEOPUHU OTHOCUTEIIBHOCTH.

[IpoctpancTBeHHO-BpeMeHHOM uHTepBai. [IpeoOpa3zoBanus Jlopenma. YcnoBue
NPUUYUHHOCTH. OTHOCHUTENBHOCTh OJHOBPEMEHHOCTH. 3aMEIJICHUEC BPEMEHU W
COKpAILICHUE JINHBI.

DHEprusi U UMITYJIbC PEISITUBUCTCKON YACTHUIIBI.

CB43b MacChl C SHEPTUEN U UMITYJIbCOM PEISTUBUCTCKOM YAaCTULIBI. DHEPTHS MOKOSI.

TexHHUeckre YCTpPOMCTBA M TEXHOJOTHMYECKHE TMPOUECCHI: CIYTHUKOBBIC
MPUEMHUKHU, YCKOPUTENH 3aPSIKEHHBIX YACTHII.

Yuenuueckuii sxcnepumenm, nabopamopHvie pabomawl, npaKmuxkym
OmnpeneneHrne UMITyJIbCa M 3HEPTUU PENATUBUCTCKUX 4YacThll (1o ¢goTorpadusm
TPEKOB 3aps’KEHHBIX YAaCTUI] B MAaTHUTHOM I10JIE).

Pa3znen 7. KBantoBas ¢pusuka
Tema 1. Kopnyckynapno-60anoeoil oyanuszm

PaBHOBecHOE TemIoBOE M3NTydeHUE (M3ydeHUue abCOMIOTHO YEPHOTO Teja). 3aKOH
cmenieHus Buna. ['unoresa [limanka o kBaHTax.

@DOTOHBI. DHEPrUsl U UMITYJIbC (POTOHA.

®dotorddext. Onbitel A.I'. CroneroBa. 3akonbl (doTodddexra. YpaBHeHUE
Outamreitna s potodddexra. «KpacHas rpanuiay gortodrddekra.

JlaBnenue cBera (B 4YaCTHOCTH, JAaBJIEHHE CBETa Ha aOCOJIIOTHO MOTJIOLIAOLIYIO U
abCOTIOTHO OoTpaxkarolryro noBepxHocTs). OnbiTel [1.H. JIebenena.

Bonnosble cBoucTBa yactul. BomHbl ne bpoiunsa. {nuHa BosiHBL 1€ bpounsa u
pa3Mepbl 00JIaCTH JIOKANIM3alMM JABIKYIIeHcs dacTulbl. KopmycKynsipHO-BOJTHOBOM
nyanusMm. Jludpakius 31eKTpoHOB Ha KpUCTAIIIAX.

Cneunduka wusmepenuit B MukpoMupe. COOTHOUIEHUS HeoNpeaeaEHHOCTEN
['eitzenOepra.

TexHndeckne yCTpPOWCTBA H  TEXHOJOTMYECKHME IMPOLECCHI:  CHEKTPOMETD,
(boTO3NEMEHT, POTOAATUHK, TYHHEIbHBII MUKPOCKO, COJTHEUHas OaTapesi, CBETOIUO.

Jlemoncmpayuu

®oT03(¢QdHeKT Ha YCTAHOBKE C IMHKOBOM TIACTUHOM.

UccnenoBanue 3akoHOB BHemHETo (poTodddekTa.

UccnenoBanue 3aBUCUMOCTH CONPOTHUBIIEHUS MTOJIYyITPOBOTHUKOB
OT OCBEIIEHHOCTH.
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CBeToanoI.
Conneunas 6arapes.

Vuenuueckuii sxcnepumenm, 1abopamopHuvle pabomsi, NPAKMUKYM
HccnenoBanue Gpotope3ucropa.
N3mepenne mocrosaHOM [I1anka Ha ocHOBE uccienoBanus Gporodddexra.
HccnenoBanue 3aBUCUMOCTH CHITBI TOKA Y€pPE3 CBETOINOT OT HAIIPSIKCHHSI.

Tema 2. Duzuxa amoma

OneITbl MO HCCIENOBAaHUIO CTPOeHWs aroMa. llmanerapHas wmonens aroma
Peszepdopna.

[Toctynatet bopa. M3nyuenue u moriomieHre (GOTOHOB IMPHU TMEpPEeXoje aTroma
C OJTHOTO YPOBHS SHEPTHH HA IPYTOM.

Bunpl criektpoB. CniekTp ypOBHEN SHEPTUH aTOMa BOJOPOA.

CroHTaHHOE U BBIHYXJACHHOE U3JIy4eHHE cBeTa. Jlasep.

TexHuyeckre ycTpoucTBa U TEXHOJIOTUYECKUE MTPOLIECCHI: CIIEKTPAIbHBIN aHaIu3
(CIeKTpOCKoOII), Ja3ep, KBAHTOBBI KOMIIBIOTED.

Jlemoncmpayuu
Mopens onbita Pezepdopra.
Hab6nronenue nuHeiyaThix CIEKTPOB.
Y CTpoiCcTBO U IECTBUE CUETUNKA HOHU3UPYIOIINX YACTHII.
Ornpenenenue JIMHBI BOJIHBI JA3€PHOTO U3TyYCHHUS.

Yuenuuecxuii sxcnepumenm, nabopamopHvie pabomol, NPAKMUKYM

Habmronenue muHeyaToro Crekrpa.

HccnenoBanue crnekTpa pa3pekKeHHOTO AaTOMapHOrO BOJOPOJia W HU3MEPEHHE
noctosinHoi Punbepra.

Tema 3. Duzuxka amomHozo A0pa u INEMEHMAPHBIX YACMUY,

Hyxnonnas monens sinpa ['eitzenOepra—MBanenko. 3apsiz sapa. MaccoBoe uucio
anpa. 30tomsl.

PannoaktuBHOCTh. Amnb(a-pacnaa. DIEKTPOHHBIN M MO3UTPOHHBIN OeTa-pacma.
["'amma-n3nydeHue.

3aKOH paJiMOaKTUBHOIO pacrnaja. PagnoakTuBHble M30TONBI B pupoae. CBolicTBa
VOHU3UPYIOIIETO HW3JIY4YEHUs. BiusHHE paavMOaKTUBHOCTH Ha >KUBBIE OPTraHU3MBL.
EctecTBennblil ¢hoH uznyyenus. Jozumerpus.

DHeprus CBSA3M HYKJIOHOB B sifipe. Saepubie cuibl. [ledext maccsl sapa.

SAnepubie peakuuu. Jenenwe u cuHTe3 saep. fAnepHbie peakTophl. [IpoOiieMbl
YOPaBISEMOTO TEPMOSIIEPHOTO CHHTE3A. DKOJIOTMYECKUE ACIEKThl Pa3BUTHS SIIEPHOU
DHEPIeTUKH.

MeToabl pErucTpau U UCCIIETOBAHNS JIEMEHTAPHBIX YaCTHLI.

OyHIaMEHTAIBHBIE  B3aMMOACUCTBUA.  bapuOHBI, ME30HBI W  JICOTOHBI.
[IpencraBnenne o CrannapTHO MoAenn. KBapK-riatooHHas MOJIEb aIpOHOB.

27



®dusuka 3a npeaenamu CranaapTHol Mojenu. TémMHas Matepust U TEMHAs SHEPTHUSL.

EnuncTBO usnyeckoil KapTUHBI MUpA.

TexHuyeckre yCTpOMCTBA M TEXHOJIOTMYECKHE IPOLECCHI: JO3UMETP, Kamepa
Buinbcona, siiepHbIil peakTop, TePMOSACPHBIN peakTop, aToMHas Oom0a, MarHUTHO-
pe30oHaHCHas ToMorpadus.

Yuenuueckuii sxcnepumenm, nabopamopusie pabomul, NPAKMUKYM
HccnenoBanue TpeKoB 4acTUI] (110 TOTOBBIM (oTorpadusim).
HccnenoBanue paJuoakTUBHOTO ()OHA C UCIOJIB30BAaHUEM JI03UMETPA.
N3yuenue norsiomieHus 6eTa-4acTLl AIFOMUHUEM.

Pa3nen 8. DyieMeHTBI aCTPOHOMUM U ACTPOPU3UKH

Otanbl pa3BUTHSA aCTpPOHOMHUH. lIpuKIIagHOE W MHUPOBO33PEHUECKOE 3HAYEHUE
acTpoHOMUU. [[pUMEHUMOCTD 3aKOHOB (PU3UKH JIJIs1 OOBSICHEHUS MPUPOJIbI KOCMHUYECKUX
00BEKTOB.

Merto1bl acTpOHOMUYECKUX Ucchae0BaHni. COBPEMEHHBIE ONTUYECKUE TEIIECKOIIBI,
PaaMOTENEeCKOIIbl, BHEaTMOC(EpHasi aCTPOHOMHMUSI.

Bun 3Bé3nH0r0 HeOa. Co3Be3us, ipKue 3BE3/IbI, INTAHETHI, UX BUTUMOE JIBIXKCHHE.

ConHeuHas cucrema.

Counnne. Comaeunast akTUBHOCTh. MicTounnk sHeprun CoyHIA U 3BE3].

3BE3/1bI, UX OCHOBHBIC XAapAKTEPUCTHUKHU. J(MarpaMma «CIEKTpaldbHBIM KJIacc —
CBETUMOCTBY». 3BE3[bl TJABHOM TMOCIENOBATEIBHOCTU. 3aBUCHUMOCTh «Macca —
CBETMMOCTB» ISl 3BE3]l TJIaBHOM MOCJIEAOBATEIILHOCTU. BHYTpeHHEE CTpOEHUE 3BE3IL.
CoBpeMEHHBIE MPEICTABICHUS O MMPOUCXOXKICHUU 1 3BOIONMU COJTHIA U 3BE3/. DTalbl
JKU3HU 3BE3I.

Muieunslii [1yTs — Hama ["anaktuka. [Tonoxxenue u qemxenue CosHia B ['ajiakTuke.
Turnel ranakTuk. Paguoranaktvky u kBazapbl. YEpHBIE IBIPHI B siApaxX rajlakTHK.

Bcenennas. Pacmupenue Bcenennoit. 3akon Xa00sa. Pa3Oeranme rajgakTuk.
Teopus bonbmioro B3peiBa. PeMkTOBOE H3TyUYeHHUE.

Macmrabnas crpyktypa Beenennoil. MeraranakTuka.

Hepeméunnlie mpo0sieMbl aCTPOHOMUMU.

Vyenuueckue nabnooenus
HaOmronenust 3BE3mHOro HebGa HEBOOPYXKEHHBIM TIJ1a30M C HCIOJIB30BAHHEM
KOMIBIOTEPHBIX TPWIOKECHUN JJISI ONpeJeeHUs TOJOKEHUsI HEOECHBIX OOBEKTOB
Ha KOHKPETHYIO J1aTy: OCHOBHbIE CO3Be3/1usi CEBEpPHOrO MONYIIApUs U SIPKUAE 3BE3IBI.
Habmronenus B Teneckon JIyHbl, TIaHET, TYMAHHOCTEH U 3BE3HBIX CKOTLJICHUH.

POu3n4ecKuil NPAKTUKYM

Cnoco0Obl m3MepeHus (PU3NYECKUX BEIUYUH C MCIOJH30BAHMEM AHAJIOTOBBIX H
IU(PPOBBIX U3MEPUTEIBHBIX TMPUOOPOB M KOMITBIOTEPHBIX JATUUKOBBIX CHCTEM.
AOCONIIOTHBIE M OTHOCHUTEINIbHBIE TOTPEIIHOCTH H3MEPEHHN (U3NYECKUX BEJIUYUH.
OueHka rpaHul NOTPEIHOCTEN.

[IpoBeneHre KOCBEHHBIX M3MEPEHUM, MCCIICIOBAHUN 3aBUCUMOCTEH (HU3MYECKUX
BEeIIMYMH, TPOBEpPKAa MPEIJIOKEHHBIX TUMOTE3 (BBIOOp U3 paboT, OMMCAHHBIX
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B TEMAaTHUUYECKUX pazjenax «YUYEHUYECKHH SKCIIEpUMEHT, J1abopaTopHble paldoTHhl,
PAKTUKYM).

O6o01maromee NOBTOPEHUE

O06o001menrne U cUCTeMaTHU3alMs COACpX)aHUS pas3ienoB Kypca «MexaHukay,
«MonekynsipHas (pu3uka U TEpMOAUHAMUKA», «DIEKTpoauHamukay», «KomnebGanus u
BOJIHBI», «OCHOBBI CHEIMANIBHOW TEOPUU OTHOCHUTENIbHOCTHY, «KBaHTOBas (u3nKay,
«DNIeMEHTHI aCTPOHOMUU U aCTPOPUIUKIY.

Ponp pu3ukm m acTpOHOMUM B SKOHOMUYECKOW, TEXHOJIOTHUECKOU, COIMATLHON 1
ITHUYECKON cdepax NeATeIbHOCTH YeNOBEeKa, POJib U MeCTO (DU3MKHM U aCTPOHOMHH
B COBPEMEHHOW  HAy4YHOM  KApTHHE  MHpA,  3HAYCHHE  OIHUCATENIbHOW,
CHUCTEMAaTU3HUPYIOLIEH, OOBSICHUTENBHOW M MPOTHOCTUYECKON (PyHKIMI (usnyeckoit
TEOpUH, POJib (PU3NUYECKOW Teopuu B (POPMHUPOBAHUM MPEACTABICHUN O (PU3NYECKOU
KapTUHE MHpa, MECTO (PU3NYECKOM KapTUHBI MHpa B OOIIEM pAIYy COBPEMEHHBIX
€CTECTBEHHO-HAYYHBIX MIPEICTABICHUN O IPUPOJIE.

Me:xnpeaMeTHbIe CBSI3H

Nzyuenne kypca ¢usuku yrinyonéHHoro ypoBHs B 11 kiacce ocyuiecTBisercs
C YU€TOM COJIepKaTEeNbHBIX MEXIIPEAMETHBIX CBSI3€l ¢ KypcaMu MaTeMaTHKHU, OMOJIOTHH,
XUMHHU, Teorpaduu U TEXHOJIOTUH.

MesicnpeOmemmnvie noHAmMUA, CEA3AHHbIE C U3YUEHUEM MEMO008 HAYYHO20
no3nanua: SABICHUE, HAy4HbIN (akT, runores3a, pusudeckas BETUUMHA, 3aKOH, TEOPUS,
HaOJIIOJIEHNE, SKCIEPUMEHT, MOJECIUPOBAHHUE, MOJIEIb, H3MEpPEHHE, MOTPEIIHOCTH
U3MEPEHUI, U3MEpUTETbHBIE PUOOPHI, IUPPOBaAs TAOOpaATOPHUSL.

Mamemamuxka: PermieHue cucteMbl ypaBHEHUW. TpUroHOMETpUUYecKre (QyHKIUU:
CHUHYC, KOCHHYC, TaHT'€HC, KOTAHI€HC, OCHOBHOE TPHUIOHOMETPHUYECKOE TOKIECTBO.
BekTopbl M HMX MPOEKUMHU HA OCH KOOPIMHAT, CJIOKEHHUE BEKTOpPOB. [Ipom3BojHBIE
arieMeHTapHbIX (yHKIuH. [Ipu3Haku noao0ust TpeyroJbHUKOB, ONpeAeIeHUe MIouaan
IJIOCKUX (puryp u oobéma Ted.

Buonozus: >nexTpruuecKue sIBJICHUS B )KUBOU MPUPOJE, KOIeOaTEIbHbIE IBUKCHHUS
B JKMBOM NPUPOAE, SKOJOTWYECKHE PHUCKH IPU IPOU3BOJACTBE SIIEKTPOIHEPTUH,
AIIEKTPOMArHUTHOE 3arpsi3HEHHUE OKpYXKAloUled Cpeibl, YIbTPa3ByKOBas JUATHOCTHKA
B MEJULIMHE, ONITHYECKHUE SIBJICHUS B KUBOU NPUPOJIE.

Xumusn: CTPOEHUE aTOMOB U MOJIEKYJI, KPUCTAIUIMYECKAs CTPYKTYypa TBEPABIX TE,
MEXaHU3Mbl 00pa30BaHUsI KPUCTATUIMYECKON PEIIETKH, CIIEKTPAIBHBIN aHATH3.

T'eozpagpusa: marauTHBIE TIONIOCA 3€MIIM, 3aJI€)KM MArHUTHBIX pyh, (oTOoChEMKa
3eMHOM MOBEPXHOCTH, ceiicmorpad.

Texnonocua:  TPUMEHEHHWE  IIOCTOSIHHBIX  MAarHUTOB,  3JEKTPOMAarHHUTOB,
ANEKTpOJBUTATENb SIKOOM, TeHEpaTOp MEPEMEHHOI0 TOKa, UHIYKIIMOHHAS TIe4b, TUHUU
AJIEKTpoOIiepeaay, 3JIEKTPOJABUraTeNb, pajap, PaAUONPUEMHUK, TEJIEBU30p, AHTEHHA,
tenedon, CBU-nieus, ynbTpa3ByKoBas TUarHOCTUKA B TEXHUKE, MPOCKIIMOHHBIN arnmapar,
BOJIOKOHHAsl OINTHKA, COJHEYHas OaTapes, CIYTHUKOBBbIE TPUEMHUKHU, SAEpHas
DHEPreTrKa U SKOJOTMYECKHUE aCIIEKThI €€ Pa3BUTHS.

29



IINIAHUPYEMBIE PE3YJIBTATBI OCBOEHUSA ITPOI'PAMMBI 110 ®PU3UKE
HA YPOBHE CPEJHEI'O OBHIEI'O OBPA30OBAHUA

JIMYHOCTHBIE PE3YJIbTATBI

JImdHOCTHBIE pe3ynbTaThl OCBOCHMS ydeOHOro mpenMera «Du3mka» MTOKHBI
OTpakaTb ~ TOTOBHOCTh M  CIOCOOHOCTh  OOYy4YaloOIIMXCA  PYKOBOJCTBOBATHCS
chOopMUPOBAaHHOW BHYTPEHHEH TMO3MIIMEH JIMYHOCTH, CHUCTEMOM IIEHHOCTHBIX
OpHEHTAIM, TO3UTUBHBIX BHYTPEHHUX YOEKICHUI, COOTBETCTBYIOIIUX TPATUIIMOHHBIM
IEHHOCTSIM POCCUHCKOro 0O0IlecTBa, paclIUpEeHUe S>KU3HEHHOTO OIbITa M OIbITa
JESATEIPHOCTH B IMPOLECCE pealn3allii OCHOBHBIX HAIPABICHUN BOCIUTATEIBLHOU
JESATEIBHOCTH, B TOM YHUCJIE B YaCTHU:

1) rpaxaaHCcKOro BOCIIMTAHUS:

c(hOpPMUPOBAHHOCTh TPAXKIAHCKOMW TMO3UIIMU OOYYAIOMIErocsi Kak aKTHBHOIO
Y OTBETCTBEHHOT'O WJIEHA POCCUKCKOTO OOIIECTBA;

MIPUHSATHE TPaAUITUOHHBIX 00111eYeI0BEUECKIX T'YMaHHUCTUYECKUX
U JIEMOKPATUYECKUX [IEHHOCTEH;

TOTOBHOCTb BECTH COBMECTHYIO JIE€ATEIbHOCTh B HWHTEPECAX TIPa¥JTaHCKOTO
00111ecTBa, y4acTBOBATh B CAMOYIIPABJIECHUHU B 00pa30BATEIbHON OpraHU3aluy;

YMEHHE B3aMOJIEICTBOBATH C COLIMAIIbHBIMU UHCTUTYTaMH B COOTBETCTBHH C UX
GYHKIUSAMU U HA3HAYCHUEM;

TOTOBHOCTh K T'YMAaHUTAPHOU U BOJIOHTEPCKO IEATENbHOCTH;

2) MaATPUOTHYECKOT0 BOCTIUTAHMS:
c(hOpPMHUPOBAHHOCTH POCCUMCKON IPAKIAHCKOW UIEHTUYHOCTH, NATPUOTHU3MA;
LIEHHOCTHOE  OTHOIIEHWE K TOCYHAapCTBEHHBIM CHUMBOJAM, JOCTHIKEHUSAM
POCCHICKUX YUEHBIX B 001aCTH (PU3UKU U TEXHHUKE;

3) AyXOBHO-HPABCTBEHHOT0 BOCIUTAHUS:

c(hOpMHUPOBAHHOCTH HPABCTBEHHOT'O CO3HAHMSI, STUUYECKOTO MMOBEICHUS;

CIIOCOOHOCTh ~ OIICHMBATh CHUTYyallMl0 W TMPUHUMATh OCO3HAHHbBIE PEIICHMUS,
OPUEHTUPYSCh HAa MOPAIbHO-HPABCTBEHHBIE HOPMBI M LIEHHOCTH, B TOM YHCIIE
B JICATEIBHOCTH YYEHOTO;

OCO3HAHME JUYHOTO BKJIJIa B IOCTPOCHHUE YCTOMYNBOTO OYAYIIETO;

4) 3CTeTHYECKOr0 BOCITUTAHMSA:
HCTETUYECKOE OTHOIICHHE K MHUPY, BKIIFOYas 3CTETHKY HAy4dHOrO TBOPUYECTBA,
NPUCYIIETO (PU3HUECKON HAYKE;

5) TPya0BOIr0 BOCIIMTAHMSA:

MHTEPEC K pa3iu4HbIM cepaM MpoPecCHOHATBHON NIEATEIbHOCTH, B TOM YHCIE
CBSI3aHHBIM C (DU3UKOM M TEXHUKOM, yMEHHE COBEpLIaTh OCO3HAHHBIN BHIOOP OymyIen
npoeccuu 1 peann30BbIBaTh COOCTBEHHBIE )KU3HEHHBIE TUIAHBI,
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TOTOBHOCTB M CIIOCOOHOCTH K 00pa30BaHMIO M CaMOOOpa30BaHUIO B 001aCTH (PU3UKH
Ha TIPOTSHKEHUN BCEH KU3HH,

6) IK0JOrH4YecKOro BOCIUTAHUS:

Cc(OPMHUPOBAHHOCTH IKOJIOTUUECKOHN KYJIbTYpPbI, OCOZHAHUE INI00AIBHOTO XapaKTepa
HKOJIOTUYECKUX TPOOIIeM;

IJIAHUPOBAHKUE W OCYILIECTBJICHHUE JICMCTBUM B OKPYKAIOIIEH CPEAE HA OCHOBE
3HAHUS LEJIed YCTOMYMBOIO Pa3BUTHSI YEIIOBEUECTBA;

Pacummpenue onbita A€STENBHOCTH HKOJOTMYECKON HAINpPaBIEHHOCTH HAa OCHOBE
UMEIOLINXCS 3HaHUH 10 (pU3HKe;

7) MeHHOCTH HAYYHOI'0 MO3HAHMS:

c(hOpMHUPOBAHHOCTH MUPOBO33PEHUS, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO
pa3BuTHA (U3NUECKON HAYKH;

OCO3HaHWE LEHHOCTH HAYYHOW NI€ATEIbHOCTH, TOTOBHOCTh B IPOLIECCE M3YyUEHHUS
(GU3MKK  OCYIIECTBIATH  NPOEKTHYID W HCCIEIOBATENbCKYIO  JIEATEIbHOCTh
WHIUBUYAJIGHO U B TPYyIIIE.

METANIPEIMETHBIE PE3YJIBTATbBI

Ilo3HaBaTe/ibHbIe YHHUBepPCAJbHbIE YUyeOHbIE JeiCTBHS
ba3zoBrble joruyeckme 1eicTBus:

CaMOCTOSTENEHO (POPMYJIMPOBATh U aKTYaJU3UPOBATH MPOOJIEMY, paccCMaTpUBaTh
€€ BCECTOPOHHE;

OTIpENENATh IS ACATEIBHOCTH, 33/1aBaTh TapaMeTPhl U KPUTEPUU UX JTOCTHKECHUS,

BBISIBJISATh 3aKOHOMEPHOCTH W MPOTHUBOPEYHS B PacCMATPUBACMBIX (DU3UUECKHX
SIBIICHUSX

pa3pabaThiBaTh IUIAaH pelIeHUs TPoOJeMbl C Yy4€TOM aHallM3a HWMEIOIINXCS
MaTepHaIbHBIX U HEMAaTEPUATLHBIX PECYPCOB;

BHOCUTh KOPPEKTUBBI B JICSITEIBHOCTh, OIICHUBATH COOTBETCTBUE PE3YJIHTATOB
1[EJISIM, OLICHUBATh PUCKU TIOCIIEJCTBUMN ACSTEIbHOCTH;

KOOPJIMHUPOBATh U BBHIMIOJHATH pabOTy B YCIOBUAX PEaIbHOTO, BUPTYAJIbHOTO H
KOMOWHUPOBAHHOTO B3aUMOJICHCTBUS;

pa3BUBATh KPEaTUBHOE MBIIIUICHUE TIPH PEIICHUH KU3HCHHBIX MTPOOJICM.

Ba3oBble nccienoBaTebCKUe AeiiCTBUSL:

BJAJIeTh HAYYHOH TEPMHUHOJOTHEH, KIFOYEBHIMU TOHSATUSMU H METOAAMH
buznyecKoil HayKu;

BJa/IeTh HaBBIKAMHM y4€OHO-UCCIIEOBATENLCKON M TPOEKTHOM AEsITeNbHOCTU
B o0Osactu (PU3UKHU, CHOCOOHOCTHIO M TOTOBHOCTBIO K CAMOCTOSITEIBHOMY MOHUCKY
METOJIOB pEIICHUS 3a/1a4 (PU3NIECKOTO COACPIKAHUS, TPUMEHEHUIO PAa3TUYHBIX METOIOB
NO3HAHUS;

BIQJI€Th BUJAMHU JIEATEIBHOCTH MO TIOJYyYEHUIO HOBOIO 3HAHUSA, €ro
MHTEpIpeTalnH, PeoO0pa3oBaHUIO U IPUMEHEHHIO B PA3JIMYHBIX YUEOHBIX CUTYalUsX,
B TOM YHCJIE€ IPU CO3AaHUU YUE€OHBIX MPOEKTOB B 00J1aCTH (DU3HKH;
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BBISBIISITH IPUYMHHO-CJIE/ICTBEHHBIE CBSI3M U aKTyaJU3UpOBaTh 337a4y, BbIIBUTaTh
TUIIOTE3Y €€ pelIeHuUs], HAXOJUTh apTyMEHTHI JUIsl I0Ka3aTeNIbCTBA CBOMX YTBEPKICHUH,
3aaBaTh apaMeTpbl U KPUTEPUH PELICHHUS;

aHAJIM3UPOBATh TMOJYYCHHBIC B XOJI€ PEIICHUs 3a/aydl pe3yibTaThl, KPUTHUECKU
OLIEHUBATh UX IOCTOBEPHOCTH, IPOTHO3UPOBATH H3MEHEHUE B HOBBIX YCIIOBUSX;

CTaBUTh M  (GOpPMYyIHMpOBaTh COOCTBEHHbIE 3aJaud B  00Opa3oBaTeIbHOU
JeSITETbHOCTH, B TOM YHCIIE IPU U3yYeHUH (DU3HKH;

JaBaTh OLEHKY HOBBIM CUTYallUsIM, OLICHUBAThH IPHOOPETEHHBIH OIIBIT;

yMETh MEPEHOCUTh 3HAaHUS 1O (U3MKE B MPAKTUYECKYI0  00JIacTh
KHU3HEICATEIbHOCTH;

YMETh HHTETPUPOBATH 3HAHUS U3 Pa3HBIX MPEAMETHBIX 00JIaCTelH;

BBIJIBUTaTh HOBBIE UJIEH, NIPEAJIaraTb OPUrHHAIIbHBIE [TOIX0/IbI U PELLICHUS;

CTaBUTH MPOOJIEMBI U 337a4H, TOMYCKAIOIINE aJbTePHATUBHBIC PEIICHUSI.

Pab6ora ¢ unpopmanmeii:

BIQ/JIETh HAaBBIKAMH TONydeHUss wuHPopMmammu (U3AYECKOTO  COJEPIKaHUs
U3 MCTOYHHMKOB pa3HbBIX THUIIOB, CAMOCTOSITENbHO OCYIIECTBISATh IOMCK, aHaJU3,
CUCTEeMATH3aIMI0 W HMHTEPOPETANUI0 HHPOPMAIMU pPa3INYHBIX BHAOB H (opM
IPECTABIICHMUS;

OLIEHUBATH JIOCTOBEPHOCTh UH(OpMaIUH;

WCIIONIb30BaTh CpPEACTBa MH(GOPMAIMOHHBIX M KOMMYHHUKAIIMOHHBIX TEXHOJOTHUN
B pEUICHUUM KOTHUTUBHBIX, KOMMYHUKATUBHBIX W OPTraHU3AlMOHHBIX 3aJa4
c coOmofeHueM TpeOOBaHUM JPrOHOMUKH, TEXHUKU O€30MacHOCTH, THUTHEHBI,
pecypcocOepexeHusi, MPAaBOBBIX MW OJTUYECKUX HOPM, HOPM HWH(POPMAIMOHHON
0e30MacHOCTH;

CO3/1aBaTh TEKCThI (PU3MUECKOTO COAEpX aHHs B Pa3IMUHBIX opMmaTax c yuy€ToMm
Ha3HAueHUs HMHPOpPMALMKU U LEJIEBOM ayJuTOPUH, BBIOMpas ONTHUMAIbHYIO (QopMy
IpEJCTaBICHUS U BU3YyaIU3aliH.

KomMMmyHuKaTHBHBIC YHUBEpPCAJbHbIE YUeOHbIe JeiiCTBHS:

OCYUIECTBJIATH OOIIEHNE HA YPOKaxX (PU3UKHU U BO BHE-YPOUHOU ESITEIbHOCTH;

pacno3HaBaTh MPEANOCHUIKA KOH(MDIUKTHBIX CUTYalUd U CMATYaTh KOH(QIUKTHI;

Pa3BEPHYTO U JIOTUYHO M3JIaraTh CBOKO TOUKY 3PEHUS C UCIIOJIB30BAHUEM SI3BIKOBBIX
CPEIICTB;

MOHUMATh U UCIIOJIb30BaTh MPEUMYILIECTBA KOMaH/IHOW ¥ UHUBHIyaJIbHON pabOThI;

BbIOMpATh TEMATHUKY U METO/IbI COBMECTHBIX ICUCTBUI C YUETOM OOILIMX UHTEPECOB,
¥ BO3MOKHOCTEW Ka)KJI0TO YJIeHa KOJUIEKTHBA;

OPUHUMATh LEJIM COBMECTHOM ESITEIbHOCTH, OPTaHU30BbIBATh U KOOPAMHUPOBATD
JIEUCTBHS 10 €€ TOCTUKEHUIO: COCTABJIATH IIJIaH AEUCTBUN, PACTIPEAEIIATH POJIM C YUETOM
MHEHHUU yYaCTHUKOB, OOCYKJ1aTh PE3yJIbTaThl COBMECTHOM PabOThI;

OLICHMBATh Kauye€CTBO CBOETO BKJIA/Ja M KAXKJIOTO yYaCTHHKAa KOMAHJbl B OOIIMIA
pe3yabTaT 1Mo pa3paboTaHHBIM KPUTEPHSIM;
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npemiaratb HOBBIC IIPOCKTLI, ONCHHBATbL HWACH C IIO3MIOKWK  HOBU3HEIL,
OpPUTHHAJIBHOCTH, HpaKTHqCCKOﬁ 3HA4YUMOCTH,

OCYIICCTBIIATh TO3UTUBHOC CTPATCIHYCCKOC IMOBCACHHC B PA3JIMYHBIX CUTyalUsX,
IPOABJIATH TBOPUCCTBO U B006pa)KeHI/IC, OBITH HWHHUIIWMATUBHBIM.

PerynsitTuBHble YHUBepCcAJbHbIE Y4eOHbIE JeHCTBUSA
Camoopranusanms:

CaMOCTOSATENIbHO OCYIIECTBJISITH IO3HABATEIBHYIO JEATENBHOCTH B 00JacTH
(GU3UKY U aCTPOHOMMUH, BBISIBIISITH IPOOJIEMBI, CTaBUTh U (hOPMYIUPOBATH COOCTBEHHbIE
3a]1a4H;

CaMOCTOATENIBHO COCTAaBIIATh IUIAH PEUICHUS PAaCUETHBIX M KA4eCTBEHHBIX 33]1a4,
IUIaH BBIMOJHEHUSI MPaKTUYECKOM paboThl ¢ y4y€TOM HMEIOIUXCS PECYPCOB,
COOCTBEHHBIX BO3MOKHOCTEW U MPEANOYTEHUH;

JaBaTh OLICHKY HOBBIM CUTYalUsIM;

paclIMpATh paMKH y4eOHOI0 IpeIMETa Ha OCHOBE JIMYHBIX MPEANOYTEHHIA;

JieJ1aTh OCO3HAHHBII BBIOOD, apryMEHTHPOBATh €ro, OpaTh Ha ce0s1 OTBETCTBEHHOCTh
3a pelICHHUE;

OLICHHUBATh NPUOOPETEHHBIH OIIBIT;

Croco0CTBOBaTh (DOPMUPOBAHUIO U MPOSBJICHUIO IPYIULUU B 00JaCTU (PU3HKH,
IOCTOSTHHO MOBBILIATH CBOM 00pa30BaTENIbHBIN U KYJIbTYPHBI YPOBEHbD.

CaMOKOHTPOJIb, YMOLMOHAIbHbII HHTEJIJIEKT:

JaBaTh OIICHKY HOBBIM CHUTYyallMsIM, BHOCHUTb KOPPEKTHUBbI B JAESTEIbHOCTD,
OIICHHWBATh COOTBETCTBUE PE3YyIbTATOB IEISIM;

BJa/IeTh HABbIKAMU TO3HABATENIbHOM pedieKCHHM KaK OCO3HAaHUSI COBEPIAEMbIX
JEUCTBUI U MBICIUTENBHBIX NMPOLECCOB, UX PE3YIBTATOB U OCHOBAHMI;

UCIIOJIb30BaTh NpUEMBI pediekcuu Ui OLUEHKU CUTyallud, BbIOOpa BEPHOTO
pelieHus;

YMETh OLIEHWBATh PUCKU U CBOEBPEMEHHO IPUHUMATH PEIICHUS M0 UX CHIKEHUIO;

MPUHUMATH MOTUBBI M QpTYMEHTHI IPYTUX TPU aHATN3€ PE3yIbTATOB ACSITEIbHOCTH;

MPUHUMATD ce0sl, MOHMUMAsi CBOU HEJOCTATKU M IOCTOMHCTBA;

MIPUHUMATh MOTHBBI U pTYMEHTHI IPYTUX MPH aHAJIN3€ PE3yTbTATOB JEATEIbHOCTH;

MpHU3HABaTh CBOE MPABO U MPABO APYTUX HA OIIUOKH.

B mpomecce nocTkeHHS JMYHOCTHBIX PE3yIbTAaTOB OCBOCHHS TMPOTPaAMMBI
1o pU3MKE ISl YPOBHSI CPEHETO 00IIeT0 00pa30BaHUs y 00YUarOIINXCsl COBEPIIICHCTBYETCS
IMOYUOHATbHBIN UHMELIeKM,, TIPEITOJIararonid ¢(hOPMHUPOBAHHOCTE:

CaMOCO3HaHUS, BKJIFOYAIOIIETO CIIOCOOHOCTh TOHHMMATh CBOE SMOIMOHATHHOE
COCTOSIHHE, BUJICTh HAMPABIICHUS PAa3BUTHUSI COOCTBEHHOUW YMOIMOHATBHOU Cephl, OBITH
YBEPEHHBIM B ce0e;

CaMOpPETYJIHPOBaHMsI, BKIIOYAIOIIETO CAMOKOHTPOJIb, YMEHHE MPUHHUMATH
OTBETCTBEHHOCTb 32 CBOE MOBEICHUE, CIOCOOHOCTH aIalTUPOBATHCS K SMOLIMOHAIBHBIM
U3MEHEHUSM U TPOSIBIISITh THOKOCTD, OBITh OTKPBITHIM HOBOMY;
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BHYTPEHHEW MOTHBAIIMHU, BKJIIOYAIOLICH CTPEMJIEHUE K JOCTHKEHHUIO LEIU U
yCIieXy, ONTHMH3M, HHUIMATUBHOCTb, YMEHHE JECHCTBOBAThb, HCXOJSl M3 CBOUX
BO3MOYKHOCTEH;

SMIIATHH, BKJIIOYAIOMIEH CIOCOOHOCTh MOHHMATh SMOIMOHAJIBHOE COCTOSHHE
JIPYTUX, YYUTBIBATh €0 MPH OCYIICCTBICHUM OOIIEHUS, CIOCOOHOCTh K COUYBCTBHIO U
CONEPEKNBAHUIO;

COITMAJIbHBIX HAaBBIKOB, BKJIIOYAIONIUX CIOCOOHOCTh BBICTPAMBATh OTHOIICHUS
C APYTHMH JIIOIBMH, 3a00TUTHCS, TIPOSIBIISITH HHTEPEC U pa3periaTh KOHPIUKTHI.

ITPEAMETHBIE PE3YJIBTATDBI

K xonity o6y4yenus B 10 ki1acce npeaMeTHbIE pe3yIbTaThl HAa YIIIyOJIEHHOM YPOBHE
JOJKHBI OTpaXkaTh COPMUPOBAHHOCTH Y OOYUaIOIIUXCSl YMEHHI:

HOHUMAaTh PoJib (U3UKH B HKOHOMUYECKOW, TEXHOJOTHYECKOW, 3KOJOTHYECKOH,
COIMAJIbHOM M JITUYECKOM cdepax AEsATEIHbHOCTH YEeJIOBEKa, POJib U MECTO (DU3UKHU
B COBPEMEHHOM  Hay4YHOW  KapTUHE  MuUpa,  3HAYEHUE  ONMUCATEIBbHOW,
CUCTEMAaTU3HUPYIOLIEH, OOBSICHUTEIBHOW M TMPOTHOCTUYECKON (PYHKIUN (PU3HUecKOn
TEOPUH — MEXAHUKH, MOJIEKYJSIPHON (PU3MKH W TEPMOIUHAMUKH, POJb (PU3MUECKOU
TE€OpuU B GPOPMUPOBAHUY NPEACTABICHUN O (PU3NUECKON KapTHHE MUPA;

paznuMyaTh YCJIOBHS NPUMEHUMOCTH MoOJelell (PU3NYECKUX Tel M IPOLIECCOB
(siBNEeHUI): MHEpLUAIbHAsA CUCTEMa OTCU€Ta, aDCONIOTHO TBEPJOE TENO, MaTepualibHas
TOYKa, PaBHOYCKOPEHHOE [BWKEHHE, CBOOOJHOE MajJeHHe, aOCOJIOTHO yIpyras
nedopmanusi, abCONMIOTHO YIPYyroe v aOCOJIIOTHO HEYMPYroe CTOJIKHOBEHHS, MOJCITH
ras3a, XUJIKOCTH U TBEPIOTO (KPUCTAIUIMYECKOT0) TENA, UIECABbHBIN a3, TOYEUHbIN 3apsij,
OJIHOPOJTHOE JIEKTPUUYECKOE TIOJIE;

paziuyuath yciaoBus (TpaHMIlbI, 00JIACTH) MPUMEHUMOCTH (U3UYECKUX 3aKOHOB,
NOHMMAaTh BCEOOIIMH xapakTtep (yHIaMEHTalIbHBIX 3aKOHOB U OTPaHUYEHHOCTH
MCITOJIb30BAHUS YACTHBIX 3aKOHOB;

aHAJIU3UPOBATh U OOBICHATH MEXAHUYECKHE MPOLECChl U SIBICHUS, HCIOJb3YS
OCHOBHBIE TIOJIO)KEHUSI M 3aKOHbl MEXaHHMKH (OTHOCHTEIBHOCTh MEXaHHYECKOTrO
IBUKEHUSI, (HOPMYJIbI KUHEMAaTUKH PaBHOYCKOPEHHOTO [IBHXKEHUS, NpeoOpa3oBaHUs
["anunes Ayist CKOPOCTH M MIEpEeMEILIeHUs, 3aKOHbl HbI0TOHA, MPUHIIMIT OTHOCUTEIBHOCTH
['anunes, 3aKOH BCEMUPHOIO TIATOTEHUS, 3aKOHBI COXPAHEHUS HMITyJbCa U
MEXaHUYECKON ISHEPTUu, CBSA3b PaOOTHI CUJIbI C U3MEHEHUEM MEXAHMYECKOW IHEpPTuH,
YCIIOBHSI PAaBHOBECHS TBEPAOrO TeNa), NPH 3TOM HCIOJb30BATh MATEMATHYECKOE
BBIp@XCHHE 3aKOHOB, YyKa3bIBaThb YCIOBUS TMPUMEHUMOCTH (PU3UUYECKUX 3aKOHOB:
npeoOpazoBanuii ['anumes, BTOpOro u TpeTbero 3akoHoB HbroTOHA, 3aKOHOB COXpaHEHUs
VMITYJIbCA U MEXaHUYECKOM PHEPIUH, 3aKOHA BCEMUPHOI'O TATOTCHMUS;

aHAJIM3UPOBATH U OOBACHATD TEIIJIOBBIE ITPOLIECCHI U SBJICHUS, UCIOJIb3YSl OCHOBHBIE
nosioxkeHust MKT 1 3aKkOHBI MOJIEKYJIAPHON (PU3UKHU M TEPMOJIUHAMUKY (CBS3b JIaBJICHUS
UJCAJBbHOIO Ta3a CO CPEIHEN KUHETUYECKOW OJHEpPruedl TEeIUIOBOrOo JBWKEHUS U
KOHIICHTPALIMEN €T0 MOJIEKYJI, CBA3b TEMIIEPATYPBI BEIIECTBA CO CPEAHEN KNHETUYECKON
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DHEPrUEN TEIUIOBOTO JIBM)KEHUS €ro 4YacTUl, CBA3b JaBICHUA WICaJbHOIO Tras3a
C KOHIIEHTpaLKEN MOJIEKYJI M €r0 TeMIEpaTypoi, ypaBHeHue MenieneeBa—Knaneiipona,
NEPBBIM 3aKOH TEPMOJMHAMUKH, 3aKOH COXPAHEHUS] YHEPTUU B TEIUIOBBIX MPOLECCAX),
IpPU 3TOM HCIOJIb30BaTh MATEMAaTHYECKOE BBIPAKEHHWE 3aKOHOB, YKA3bIBaTh YCJIOBHS
MIPUMEHUMOCTH ypaBHeHU MenpaeneeBa—KianeiipoHa;

aHAIM3UPOBaTh M OOBSCHATH DJIEKTPUYECKUE SIBJICHUS, HCIOJIb3Ysl OCHOBHBIC
MOJIOKEHUSI U 3aKOHBI AJEKTPOJMHAMUKH (3aKOH COXPAHEHHMS DJIEKTPUUYECKOTO 3apsiia,
3akoH KyIlloHa, TOTEHIMAIBHOCTD 3JEKTPOCTATHYECKOTO MO, IPUHIIMI CYIIEPIO3ULIUN
IIEKTPUYECKUX TOJIEH, IIPU 3TOM yKa3bIBasl yCJIOBHS MPUMEHUMOCTH 3akoHa Kyiona, a
TaKK€ NPAKTHUYECKH Ba)XHbIE COOTHOWIEHHWA: 3aKoHbI OMa Ui ydacTka Lenu |
JUISL 3aMKHYTOM 3JIeKTpuueckoil 1emnu, 3akoH Jxoymns—Jlenma, npaBuna Kupxroda,
3axoHbl Dapajest s AIEKTPOIIN3a);

ONMCHIBATh (PUBMYECKHE TPOLECChl M  SBJICHUS, UCIHOJIb3Ys  BEIUYMHBIL:
NepeEMEIICHHE, CKOPOCTh, YCKOPEHHUE, UMITYJIbC T€lda U CHCTEMBbI TEJl, CUJIa, MOMEHT
CUJIbl, JAaBJE€HUE, MOTECHIMAJIbHAs HHEPIHs, KUHETUYECKash SHEPrus, MEXaHUYeCKas
9HEprus, paboTa CHUIIBbL, IEHTPOCTPEMHUTEILHOE YCKOpPEHHE, CHuja TSKECTH, CHiia
YHOPYTrOCTH, CHJIA TPEHUS, MOITHOCTb, SHEPTUSl B3aUMOJICUCTBHS Tena ¢ 3eMiIE€i BOIM3U
e€ MOBEPXHOCTH, 3HEPrus ynpyrou nedopmainuu MNpYKUHBI, KOJIHMYECTBO TEIJIOTHI,
abCoIOTHasg TeMmIiepaTypa Teja, padoTa B TEPMOJIMHAMUKE, BHYTPEHHSS 3HEpPrus
UJICATPHOTO OJHOATOMHOTO Ta3a, padoTa MIeaTbHOTO T'a3a, OTHOCUTEIbHAS BIAXKHOCTh
Bo3nyxa, KIIJI waeanpHOro  TEIUIOBOTO  JBUTATEINsS;  JJIEKTPUYECKOE  TIOJIE,
HaMpPsHKEHHOCTD AJIEKTPUYECKOTO MOJIs1, HANPSLKEHHOCTh MOJI TOYEUHOTO 3apsija WId
3apsKEHHOTO 11apa B BAKYyME U B JIUAJIEKTPUKE, TOTEHIMAI JJIEKTPOCTATUYECKOTO OIS,
Pa3HOCTh MOTEHLHANIOB, JIEKTPOJBIXKYIIAA CUJIa, CUJIa TOKA, HANPSHKEHUE, MOITHOCTh
TOKa, JIEKTpUUECKasi EMKOCTh MJIOCKOTO KOHJEHCATOpa, CONPOTUBICHUE y4acTKa LENu
C TMOCIENOBaTEebHBIM M MAapajuleIbHbIM COEJUHEHHEM PE3UCTOPOB, DHEPrUsd
AIEKTPUUECKOTO MOJIsi KOHJEHCATOPA;

OOBSACHATh OCOOEHHOCTH TPOTEKaHUS (DUINYECKUX SBJICHHUM: MEXaHUYECKOEe
JBUKEHUE, TEIUIOBOE IBM)KEHUE YaCTHUI] BEUIECTBA, TEIJIOBOE paBHOBECHE, OPOYHOBCKOE
nBkeHue, auddys3us, ucnapeHwe, KUMEHUWEe W KOHAEHCalus, IUIaBICHUE U
KpUCTAILTA3AIUA, HaIPaBJICHHOCTh TeIUIonepeaayH, ANEKTpU3aIuUs TE,
HKBUIIOTEHIIUAIIBHOCTh MOBEPXHOCTH 3aPSAKEHHOTO MPOBOIHUKA;

MIPOBOJIUTH MCCIICIOBAHNE 3aBUCUMOCTH OJHOW (hU3MUECKON BEIMYUHBI OT APYTrOn
C HCHOJIb30BAaHHEM TMPSAMBIX HM3MEPEHUM, MPU STOM KOHCTPYUPOBATH YCTAaHOBKY,
(buKCUpOBaTh pe3yJbTaThl MOJYYEHHON 3aBUCUMOCTH (PU3MUECKUX BEJIMYMH B BUJE
rpa@ukoB ¢ Y4€TOM aOCOJIIOTHBIX MOTPEUIHOCTE W3MEpPEHUM, JenaThb BbIBObBI
10 pe3yJibTaTaM UCCIIEIOBAHMUS;

MPOBOJIUTH KOCBEHHBbIE M3MEpPEHUs] (PU3MYECKUX BEJIUYMH, TIPU ITOM BBIOMPATH
ONTHUMAIBHBIA METOJ W3MEPEHUs, OIICHWBATh aOCOJIOTHBIE M OTHOCUTEIIHHBIC
MOTPEIIHOCTU MPSMbBIX U KOCBEHHBIX U3MEPEHUIA;
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OPOBOJUTH ONBITBI 110 NPOBEPKE MPEJIOKEHHOW TI'MIOTE3bl: IUIAHUPOBATh
HKCIEPUMEHT, COOMpPATh 3KCIEPUMEHTAIbHYIO YCTAHOBKY, aHAIU3UPOBATh MIOJyUYEHHBIE
PE3yJIbTaThl U AENIaTh BBIBOJ O CTaTyCE MPEI0KEHHON TUIIOTE3BL;

co0roaTh mpaBuiia 0€30MacHOro Tpya MpH MPOBEAECHNUN UCCIIEIOBAHUN B paMKax
y4e0HOr0 3KCHEPUMEHTA, MpakTUKymMa W Y4eOHO-HCCIEAOBATEIbCKOM U IMPOEKTHOM
JESATEIIBHOCTH C MCIOJIb30BAaHUEM H3MEPUTENBHBIX YCTPOMCTB U JIaOOPATOPHOIO
000py1I0BaHuUs;

pemarh pacdy€THhIE 3a/aydl C SIBHO 3aJaHHOM M HESIBHO 3aJJaHHOW (M3UYECKOI
MOJIEJIbIO: HA OCHOBAHUU aHaJIM3a yCJI0BHUsI 00OCHOBBIBATh BBIOOP (PM3UUYECKON MOJIENH,
OTBevarollell TpeOOBaHUAM 331a4uH, IPUMEHSTH (POPMYJIbI, 3aKOHbI, 3aKOHOMEPHOCTH U
NOCTyJaThl (PU3MUECKUX TEOPUM MpPH HCIOJb30BAHUM MaTEeMAaTUYECKUX METOJI0B
peumieHuss 3a1ad, IPOBOJWUTH pacd€Tsl HAa OCHOBAHMM MMEIOLIUXCS  JIaHHBIX,
aHAJIM3UPOBATh PE3YJIBTATHI U KOPPEKTUPOBATH METO/IbI PEIICHHSI C YUETOM ITOTYYEHHBIX
pE3yJIbTaTOB;

peliaTh KauecTBEHHbIE 3a/aud, TPEOYIOLIUME NPHUMEHEHUs 3HAHUW W3 Pa3HbIX
pasnenoB Kypca (U3MKM, a TakK€ HHTErpaluy 3HAHUW M3 JPYIHX IPEAMETOB
€CTECTBEHHO-HAYYHOI'0 IIMKJAa: BBICTPAMBATH JIOTUYECKYIO LEMNOYKY pPacCyKICHUN
C OIOPOI Ha N3YYEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3UUYECKUE SBIICHMUS;

UCIIOJIb30BaTh TEOPETUYECKHE 3HAaHUS JUIsi OOBSCHEHUS OCHOBHBIX IPUHIUIIOB
paboOThl U3MEPUTENBHBIX NPUOOPOB, TEXHUYECKUX YCTPOWCTB M TEXHOJIOTMUECKHUX
IIPOLIECCOB;

OPUBOJAUTH MPHUMEPHl BKJIAJa POCCUHCKUX M 3apyOeXKHBIX YUEHBIX-(DU3UKOB
B pa3BUTHUE HAYKH, B OOBSICHEHHE MTPOLIECCOB OKPYKAOIIEr0 MUPA, B Pa3BUTHE TEXHUKU
1 TEXHOJIOTHU;

aHAJIM3UpOBaTh M OLICHUBATh MOCIEACTBUS OBITOBOM W MPOU3BOJICTBEHHOU
NESATEIbHOCTH YEJOBEKa, CBS3aHHOM C (QPU3WYECKHMMM TMpolleccaMu, C MO3ULUN
9KOJIOTUYECKOM 0€30MaCHOCTH, MTPEACTABICHHI O PAIMOHAIEHOM MPUPOIONOJIb30BaHUH,
a TaK)Ke pa3yMHOM UCIOJIb30BAaHUU JTIOCTHXKEHUI HayKU U TEXHOJIOTUIA JJ1 JAJIbHEUILIEro
Pa3BUTHUSI UEJIOBEUECKOTO OOIIIECTBA;

MPUMEHATh pa3IinyHble CcHocoObl paboTel ¢ uHGpoOpManueln (GuUznYecKoro
COZIepaHUsl C MCIOJIb30BAHUEM COBPEMEHHBIX WH(OPMAIMOHHBIX TEXHOJIOTHM, MpHU
TOM HCIIOJIb30BaTh COBPEMEHHbIE HMH(POPMALMOHHBIE TEXHOJOTUM MJiA TIOMCKA,
nepepaboTKM M NPEeabABICHUS Yy4eOHOM W HAyYHO-TOMYJSIpHOW HMH(POpPMALINH,
CTPYKTYPUPOBAHMSI W HHTEpIpeTaluu HHPOpMalUU, TOJYYEHHOW W3 Ppa3IMYHBIX
MCTOYHHUKOB, KPUTHYECKU aHAIM3UPOBATh MOJy4aeMyl0 MHGOPMALIMIO U OLICHUBAThH €€
JIOCTOBEPHOCTH KaK Ha OCHOBE UMEIOLMXCS 3HAHU, TaK M HA OCHOBE aHaJIN3a HICTOYHUKA
uH(pOpMaLINH;

OPOSBIISTh OPraHU3AIMOHHBIE W TO3HABATENbHBIE YMEHHSI CaMOCTOSITEIBHOTO
OpUOOPETEHUs] HOBBIX 3HAHUW B TMPOLIECCE BBHINOJHEHUS NPOEKTHBIX W Yy4eOHO-
UCCIIEIOBATENIbCKUX padoT;

paboTaTh B IpyIle ¢ UCIOJHEHUEM Pa3IMYHBIX COLMATIBHBIX POJIEH, IUIAHUPOBATD
paboTy TIpynmbl, pPalUOHAIBHO PpACHPEENATh JEATEIbHOCTh B HECTAHJAPTHBIX
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CUTYaIUsX, aIEKBATHO OI[EHUBATDH BKJIA/l KAXKJIOTO U3 YYACTHUKOB TPYMIIbI B pEIICHUE
paccMaTpuBaeMom MpoOJIeMBbl;

OpOSBJISATH MOTHBAIMIO K  Oyaymed npodeccuoHaIbHOM — IESITeIbHOCTH
M0 CMEHHATBHOCTAM (DPU3UKO-TEXHUYECKOTO MPODUIISL.

K xoniry o6ydyenus B 11 kiacce mpeaMeTHbIe pe3yibTaThl Ha YIITyOJIEHHOM YPOBHE
JOJKHBI OTpaXkaTh C(OPMUPOBAHHOCTh Y OOYUaIOIIUXCSl YMEHUI:

INOHUMAaTh poOJib (PU3MKU B IKOHOMHUYECKOW, TEXHOJOTMYECKOM, COLMAIBHOU U
THUYECKON cepax NeATeIbHOCTH YEIOBEKa, pOJib U MECTO (PU3UKU B COBPEMEHHOM
HAay4YHOH KapTHUHE MUPA, POJIb ACTPOHOMHUH B MPAKTHUECKOU AESITEIBHOCTU YEJIOBEKA U
JanbHeNIem HAay4YHO-TEXHUYECKOM  Pa3BUTHH, 3HAYEHUE OIMHCATENBLHOM,
CHUCTEMATU3HUPYIOLIEH, OOBSICHUTENBHOW M MPOTHOCTUYECKON (PyHKIMI (uznyeckoin
TEOPUH — OHJIEKTPOJUHAMUKH, CHEUUATBbHOM TEOpPUHM OTHOCUTEIBHOCTH, KBAHTOBOM
bu3uKky, poab GU3NUECKOW TEOpHH B (POPMHUPOBAHUU MPEACTABICHUA O (PU3HMUECKOU
KapTUHE MHpa, MECTO (PU3NYECKON KAPTUHBI MHUpPAa B OOIIEM psIy COBPEMEHHBIX
€CTECTBEHHO-HAYYHBIX MTPEICTABICHUI O IPUPOJE;

paznuyaTh YCJIOBHS NPUMEHHUMOCTH MoOJeieil (PU3MYecKux Tea MU IPOLECCOB
(sABJEHUI): OJHOPOJHOE DJIEKTPHUUECKOE M  OJHOPOAHOE MAarHUTHOE  MOJS,
rapMOHHUYECKHE KOJIEOAaHUsI, MATEMaTUYECKU MASTHUK, WACAIbHBIA MPY>KUHHBIN
MasiTHUK, TapMOHUYECKUE BOJHBI, UCANbHBIA KOJEOATEIbHBI KOHTYp, TOHKAS JINH3A,
MoJieJiel aToMa, AaTOMHOTO Si/ipa U KBAHTOBOM MOJIEIH CBETA;

paziuyuath yciaoBUs (TpaHMIlbI, 00JIACTH) MPUMEHUMOCTH (U3UYECKUX 3aKOHOB,
NOHUMATh BCEOOUIMI XapakTep (YHIAMEHTAIBHBIX 3aKOHOB M OTPAaHUYEHHOCTb
MCITOJIb30BAHUS YACTHBIX 3aKOHOB;

aHAJIU3UPOBATh U OOBACHSTH JIEKTPOMArHUTHBIE MTPOLIECCHI U SBJICHUS, UCTIOIb3YS
OCHOBHBI€ TIOJIOKEHUS M 3aKOHBl JJEKTPOJMHAMHUKM M CIELHAIBHOM TEOpUU
OTHOCUTEIBHOCTH (3aKOH COXpaHEHHUsl AJIEKTPUUECKOro 3apsijia, cuia Ammepa, cuiia
JlopeHnia, 3aKOH DJJIEKTPOMAarHUTHOM WHAYKUMM, mpaBuio Jlenma, cBa3p JIJIC
CaMOMHAYKIIMH B JIEMEHTE AJIEKTPUUECKOU LIETH CO CKOPOCThIO U3MEHEHUS CUJIbI TOKA,
MOCTYJIAThl CIIEINATBHON TEOPUHM OTHOCUTEIBHOCTU DUHINITEHHA);

aHAJIM3UPOBaTh U OOBSACHATH KBAHTOBBIE NPOLIECCHI M SIBJICHUSA, HCHOJb3Ys
MOJIOKEHUS] KBAaHTOBOM (pu3uKM (ypaBHeHUE DiHIITEHA 1u1s poTroaddekTa, nepBolil U
BTOpOM mocTyjnaTel bopa, mpuHIMn cooTHolIeHUs HeomnpenenéHHocteit I'eiizenOepra,
3aKOHBI COXPAHEHUS 3apsAI0BOTO M MAaCCOBOI'O YUCEN U SHEPTUU B SJAEPHBIX PEAKIIUSX,
3aKOH paJMO0aKTUBHOIO pacraja);

ONMKCHIBATh (PU3MYECKHE TMPOLECChl W  SIBICHUS, MCHOJb3YSd BEJIMYUHBIL:
HaAMpPsHKEHHOCTh  DJIEKTPUYECKOTO  MMOJS, MOTEHIMAT 3JIEKTPOCTATHYECKOro  MOJIs,
Pa3HOCTh TMOTEHUHMAJIOB, JJICKTPOABWXKYIAs CHJIA, HWHAYKIHS MAarHUTHOTO TIOJIA,
MarHUTHBIM TOTOK, cwia AMrmepa, HWHIYKTUBHOCTh, OJJIEKTPOABMXKYILAs CHUJIa
CaMOMHAYKIIMH, DHEPrusi MarHUTHOTO TOJI NMPOBOJHHMKA C TOKOM, PEISTUBUCTCKUUN
UMIIYJIbC, TIOJIHASL DHEPTUsl, SHEPrusl MOKOSI CBOOOJHON YACTHIIbl, SHEPTUS U MMILYJIbC
(oTOHA, MacCOBOE YUCIIO U 3aps] siApa, SHEPTUS CBA3M s/1pa;
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OOBACHITH OCOOEHHOCTH MPOTEKaHUS! (PUINYECKUX SIBICHHM: AJIEKTPOMArHUTHAs
UHIYKIUS, CAMOUHYKIIMS, PE30HAHC, UHTEpPEPEHIIM BOJIH, AUMPaKIUS, JTUCIEPCHS,
MOJTHOE€ BHYTPEHHEE oTpaxkeHue, orornexkrpuueckuit 3¢dext (dhotodrddexr), anbda-
u Oera-pacmajibl g1ep, TaMmMa-u3aydeHue sjaep, pu3ndeckre NPUHIIMIBI CIIEKTPAIIBHOTO
aHanu3a u padoThI Ja3epa;

ONpEeIEIIATh HAIPABICHNUE UHIYKIIMK MATHUTHOTO TOJIsI TPOBOJHUKA C TOKOM, CHJIBI
Awmnepa u cuibl JIopeHna;

CTpPOUTh H300paXKeHUE, CO37aBaeMO€ IIOCKUM 3€pKajoM, TOHKOW JIMH30M, H
pacCUUTHIBATH €T0 XapaKTEPUCTHUKU;

MIPUMEHSTh OCHOBOTIOJIATralOIINE ACTPOHOMUYECKUE TOHSTHS, TEOPUU U 3aKOHBI
JUIs. aHajmu3a U OOBSCHEHHS (U3UYECKUX IPOIECCOB, MPOUCXOIAIIMX B 3BE3NAX,
B 3BE3/IHBIX CUCTEMAaX, B MEKTaJJaKTUYECKOM CpeJie; IBUKEHUSI HEOSCHBIX TEJ, IBOTIOLUU
3BE311 U BeeneHHow;

MPOBOAUTH UCCIEIOBAHUE 3aBUCUMOCTEN (DU3NUYECKUX BEJIMUUH C UCIIOIb30BaHUEM
OPSIMBIX U3MEPEHUH, MPU ITOM KOHCTPYUPOBATh YCTAHOBKY, (PMKCHUPOBATH PE3YJIbTAThI
MOJIYYCHHOW 3aBUCHUMOCTU (PU3MYECKUX BEJIMYMH B BHJE TpaduKoB C Yy4ETOM
aOCOJIIOTHBIX ~ MOTPEIIHOCTEH HW3MEpPEeHMid, JleJaTh BBIBOABI 10  pE3yJbTaTam
UCCJIEIOBAHMUS;

IPOBOJUTH KOCBEHHBIE H3MEpPEHUsl (PM3MYECKUX BEJIUYUH, MPU HTOM BBHIOUPATH
ONTUMAJIbHBIA METOJ HM3MEpPEHUs, OICHUBATh a0COJIIOTHbIE U OTHOCHUTEIIbHbBIE
MOTPEIIHOCTH MPSAMBIX U KOCBEHHBIX U3MEPEHUIA;

IPOBOANWTH ONBITBI 1O MPOBEPKE NPEHJIOKEHHONM THUIOTE3bl: IJIAHUPOBATH
HKCIIEPUMEHT, COOMPATh SKCIIEPUMEHTAIbHYIO YCTAHOBKY, aHAJTU3UPOBATh MMOTYYEHHBIC
pe3yJbTaThl U A€JaTh BBIBOJ] O CTaTyCE MPEIJIOKEHHON THIIOTESbI;

ONMUCBHIBATH METObI MOJTYUYEHHUSI HAYYHBIX aCTPOHOMUYECKUX 3HAHU;

coOmro1aTh paBuiIa 0€30MacHOTO TpyAa MPU MPOBEICHNUN UCCIIEI0BAHUM B paMKax
y4eOHOr0 HSKCIEPUMEHTa, MPAKTUKyMa W Yy4eOHO-HUCCIIEIOBATEILCKON M MPOEKTHOM
NEATeIBHOCTH C KCIOJIb30BAHUEM HW3MEPUTEIbHBIX YCTPOUCTB U J1aOOpaTOPHOIO
000py10BaHuUs;

pemiath pacuy€THbIC 3a7a4ydl C SBHO 3aJlaHHOM M HESIBHO 3aJaHHON (U3UYECKOU
MOJIETIbIO: Ha OCHOBAHUU aHAJIM3a YCIIOBUS BEIOMPATh (PM3MUECKUE MOJICIH, OTBEYAIOIINE
TpeOOBAHMIM 3a7a4M, MPUMEHATHh (POPMYIIbI, 3aKOHBI, 3aKOHOMEPHOCTH W TIOCTYJIAThI
bU3MYEeCKUX TEOpUil TPHU HCIIOIH30BAHUM MATEMAaTUYECKUX METOJIOB pElIeHUs 3ajad,
MPOBOJAUTH PACUYEThl HA OCHOBAHUM MMEIOIIUXCS JAHHBIX, aHAJTM3UPOBATH PE3YJIbTAThI U
KOPPEKTUPOBATH METOAbI PEUICHUS C YUYETOM MOJYYEHHBIX PE3YyJIbTATOB;

permaTh KauyeCTBEHHBIE 3a/aud, TpeOylolue MPUMEHEHUsS 3HAHUW W3 Pa3HBIX
paszenoB Kypca (u3WMKH, a TakKe WHTErpallud 3HAaHUW W3 JPYTUX MPEIMETOB
€CTECTBEHHO-HAYYHOI'0 IIMKJIA: BBICTPAWBAaTh JIOTMYECKYIO IIEMOYKY PACCYKICHUM
C OTOPOI Ha N3YYEHHBIC 3aKOHBI, 3AKOHOMEPHOCTH U (PU3HUECKHE SIBJICHHUS;

WCIIOJIh30BaTh TEOPETHUYECKUE 3HAHUS NJIs1 OOBSICHEHWUS OCHOBHBIX MPHUHITUIIOB
paboThl M3MEPUTENBHBIX MPUOOPOB, TEXHUYECKUX YCTPOWCTB U TEXHOJIOTHYECKUX
IIPOLIECCOB;
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OPUBOJAUTH MPUMEPHl BKIAJAa POCCUHUCKUX U 3apyOekHBIX YUYEHBIX-(PU3UKOB
B pa3BUTHE HAYKH, B 00BICHEHHE MPOIECCOB OKPYKAIOIIETO MUPA, B Pa3BUTHE TEXHUKU
1 TEXHOJIOTHM;

aHAJIM3UPOBaTh U OILICHUBATh TMOCICACTBUS OBITOBOM U TMPOU3BOJCTBEHHON
NESATEIbHOCTH 4YEJIOBEKA, CBS3aHHOM C (PU3MYECKUMH TMPOIECCaMHU, C MO3ULIUN
HKOJIOTHYECKOMN 0€3011aCHOCTH, IPEACTABICHUI O PALIMOHATILHOM [IPUPOJONOIb30BAHNH,
a TaK)Ke pa3yMHOM UCIOJIb30BAaHUU JTIOCTHXKEHHUM HAYKU U TEXHOJIOTUM JJIs TaJIbHEUILIEro
Pa3BUTHUSA YETIOBEUECKOTO OOIIECTBRA;

NPUMEHSATh pa3U4Hble CHocoObl paboThl ¢ wuHOpManme QPU3NIECKOTo
COJIepKaHUs C UCIOJIb30BAHUEM COBPEMEHHBIX HWH(POPMAIMOHHBIX TEXHOJIOTHH,
IPU 3TOM HCHOJB30BATh COBPEMEHHBbIE MH()POPMALMOHHBIE TEXHOJOTUU JIS IOMCKA,
nepepaboTKi U NpEeAbsBICHUA Y4YeOHONM U Hay4dyHO-NOMYJSpHOW HH(OpMaIMH,
CTPYKTYPUPOBAHUSI U MHTEpPIpETalud HHPOPMALMH, MOJYYEHHOW M3 Pa3IMYHBIX
MCTOYHUKOB, KPUTUYECKU aHAIU3MPOBATh MOIy4aeMyl0 MH(OPMAIMIO U OLEHUBATH €€
JIOCTOBEPHOCTH KaK Ha OCHOBE UMEIOIIMXCS 3HAaHUH, TAaK M HA OCHOBE aHAJIN3a UCTOYHHKA
UH(pOpMALINH;

OPOSBIIATh OPraHU3aLMOHHBIE W IIO3HABATEIBHBIE YMEHHsI CaMOCTOSTEIBHOTO
OpUOOpEeTEeHUs] HOBBIX 3HAHUM B MPOLIECCE BBITOJHEHUS MPOEKTHBIX M y4eOHO-
UCCIIEIOBATENbCKUX paldoT;

paboTaTh B rPYIIE C UCIOTHEHUEM Pa3IMYHBIX COLUMAIBHBIX POJIEH, TUIAHUPOBATH
paboTy TpyIIbl, paNUOHAJIBHO PACHPENENITh JEATEIbHOCTh B HECTAaHAAPTHBIX
CUTYalUsIX, aJEKBaTHO OLEHMBATHh BKJIAJ Ka)XJOr0 M3 YYACTHUKOB I'PYIIbI B PELICHUE
paccmaTpuBaeMoil mpoOIeMsbl;

MpOSIBJISATh  MOTHBALMIO K  Oyaymiedl mpodeccHOoHanbHOM — AesTEeNbHOCTU
M0 CHENUATBHOCTIM (PU3UKO-TEXHUUECKOTO MTPOQHIISL.
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TEMATHUYECKOE INIAHUPOBAHUE

10 KJIIACC

Ne Haunmenosanwue | Kommuec | [IporpamMHoe coepkaHue OCHOBHBIC BUJIBI JACATCIILHOCTH DJIEeKTPOHHBIE

I/ | pa3fieioB U TEM | TBO 00yJaroIIMXCs (rucpoBbIe)
y4eOHOTO 4acoB o0Opa3oBaTebHbIE
npeamera pecypesl

Pasnen 1. HayuHblii MeTOX MO3HAHUS IPUPO/ILI

11 | Hayunbrii 6 dusnka — pyHmaMeHTaIbHas | Y4acTHe B AUCKYCCHH O POJIH bubmmorexa [IOK
METOJI HayKa (u3HIecKoii Teopur B (GOPMUPOBAHUH Eggz;/ m.eds00.ru/f16
MIO3HAHUS o npupoje. Hay4nslii MeTon | mpezcTaBicHUi 0 GU3MYECKOM KapTuHe |~
HPUPOJIBI TIO3HAHUS U METO/IbI MHpPa, MECTE PU3UICCKON KApTHHBI MUPA

UCCIIeI0BaHUS (PUBUYECKUX
SIBJICHUU.
DKCIEpUMEHT U TEOpHS B

npoIiecce MO3HAHUS TPUPOJIBL.

Habnronenue u skciepuMeHT
B (husmke.

Cnoco0bl u3MepeHus
(bU3UYECKUX BEIMYUH
(aHasIOTOBBIE U LIM(PPOBHIE
U3MEPHUTEIBHBIC IPUOOPHI,
KOMITbIOTEPHBIE TATYNKOBBIC
cuctemsl). [lorpemHoctu
U3MEpeHUN QU3NIECKUX
BeTUYMH (a0COIOTHAS U
OTHOCUTEIIbHASA).
MopenupoBanue GU3NIECKUX
SIBJICHUW U TTPOLIECCOB

B OOLIEM psiZly COBPEMEHHBIX
€CTECTBEHHO-HAYUHBIX IIPECTABICHUN O
IpUPOJE.

N3ydenune NoHATUN «TUTIOTE3AY,
«pu3nyUecKuii 3aKoH», «puznueckas
Teopusi». PaccMoTpenue rpanui
NIPUMEHUMOCTH (PU3UYECKHUX 3aKOHOB.
CpaBHeHME U3MEPEHUI (PU3HUECKHUX
BEJIMYMH TIPU TTOMOIIM aHAJIOTOBBIX H
U(POBBIX U3MEPUTETBHBIX TPUOOPOB,
HanpuMep, IpU U3MEPEHUH CUIIBI TOKA U
HaNpsDKEHUS B 1IENH MOCTOSHHOTO TOKA
IIPU TOMOLUIY aHAJIOTOBBIX U LHU(POBBIX
U3MEPUTENbHBIX MPuOopoB. OcBOeHUE
CIIOCOOOB OIIEHKH MOTPEITHOCTEH
U3MEpPECHUM.

OcBoeHre OCHOBHBIX MPUEMOB PabOTHI C
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(MaTepuanabHas TOUKa,
a0COJIFOTHO TBEPIOE TEJIO,
yjieajbHast )KUIKOCTD,

udpoBoii maboparopueit 1o Ghusuke,
HanpuMep, TIPY U3MEPESHUHN (PU3NIECKIX
BEJIMYMH TIPU TTOMOIITH KOMITBIOTEPHBIX

HAcalIbHbIN a3, TOUCYHBIMN
3apsin). ['unoresa.
DU3NYECKUN 3aKOH, TPAHULIBI
€ro MPUMEHUMOCTH.
dusnveckas TEOpHs.

Ponb u mecto ¢pusuku B
dbopMUPOBAHUM COBPEMEHHOMN
Hay4yHOW KapTHUHBI MUPA, B
MPAKTUYECKOMN JeATEIbHOCTH
JIoaeu

JaTYUKOB

Wroro no pazgeny 6
Pasnen 2. Mexanuka
2.1 | KunemaTuka 10 Mexannueckoe ABHKEHHE. [IpoBeneHNe KOCBEHHBIX U3MEPEHUIH But6mmoreka [IOK

OTHOCUTENBHOCTh
MEXaHUYECKOTO JBUXKCHHUS.
Cucrema otcuéra.

[Ipsimast u oOpaTHas 3a1auu
MEXaHUKH. Painyc-BeKTop
MaTepUaIbHOU TOYKH, Er0
MPOEKIUH HA OCH CUCTEMBI
KoopauHat. Tpaekropus.
[Iepemenienue, CKOpOCTh
(cpenHsisi CKOPOCTb,
MT'HOBEHHAsi CKOPOCTh) U
YCKOPEHME MaTepHUaIbHOU
TOYKH, UX TIPOCKIIUU HA OCU
CHUCTEMbI KOOPJIMHAT.

MTHOBEHHOW CKOPOCTH U YCKOPEHUS
T€JIa, B TOM YUCJIE YCKOPEHUS
CBOOOJHOTO MaJICHUs, TPOBEICHUE
WCCJIEIOBAHUS 3aBUCUMOCTEN MEKTY
(bU3UIECKUMU BeIMYMHAMU (TTyTH
OT BPEMEHU IPU PABHOYCKOPEHHOM
JIBIOKCHUH, TISPHOIa O0paIeHus
KOHMYECKOT'0 MAasSTHUKA OT €ro
MapaMeTPOB) U OIBITOB IO IPOBEPKE
MPEIOKEHHON TUITOTE3bI

IIPU U3YYECHUH PABHOYCKOPEHHOTO

HpHMOHHHCﬁHOFO JABHUXKCHUS, ABUKCHU

Tena, OPOLIEHHOTO TOPU30HTAIBHO,
JIBMKCHHSI TeJIa 110 OKPY>KHOCTH

https://m.edsoo.ru/f16

b68d7
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CrioxeHune nepeMenieHni u
CJI0’KEHHUE CKOPOCTEH.
PaBHOMEpHOE M
PAaBHOYCKOPEHHOE
MPSIMOJIMHEWUHOE IBUKEHUE.
3aBUCUMOCTb KOOP/IMHAT,
CKOPOCTH,

YCKOPEHUSI U MyTH
MaTepUagIbHON TOYKH OT
BPEMEHU U UX rpaduKH.
CBoOoHOE NaZicHHE.
Yckopenue cBOOOHOTO
najeHus. JIBuxkeHue Tena,
OpOIIIEHHOTO O] YIJIOM K
TOPU30HTY. 3aBUCUMOCTb
KOOPAWHAT, CKOPOCTH U
YCKOPEHUS MaTEpUAIBHOMN
TOYKU

OT BPEMEHH U UX TpaduKu.
KpuBonunenHoe 1BUXEHHE.
JIBmkeHne MatepuaibHOU
TOYKHU MO OKPYKHOCTH.
YrnoBas v TMHEHAas
ckopocts. [lepunoa u wacrora
oOpareHus.
LlenTpocTpemMuTenbHOE
(HOpMaJbHOE), KacaTeIbHOE
(TaHTeHIIMAJIBbHOE) U TIOJIHOE
YCKOPEHME MaTepHUaIbHOU
TOYKH.

C IMIOCTOSTHHOM 110 MOJYJIFO CKOPOCTBIO.
Omnpenenenne abCOMIOTHBIX U
OTHOCHUTEJIbHBIX ITIOIPEIIHOCTEN
U3MEpPEHUH (PU3NIECKUX BEINYHH.
OueHka rpaHul NOrPeIIHOCTEN.
N3ydenune Moaenmu CUCTEMBI OTCUETA,
CpPaBHEHME IIyTEH, TPACKTOPUH,
CKOpPOCTEH ABUKEHHUS OJHOTO U TOTO XKE
T€Ja B PA3HBIX CHCTEMAX OTCUYETA.
AHanu3 pa3HbIX CIIOCOOOB UCCIEI0BAHUS
IBWKEHUH. PaccMoOTpeHne npeaebHoro
1Iepexoia U U3MEPEHUE MITHOBEHHOMN
ckopocTti. MozaenupoBanue
npeoOpa3oBaHusl ABMXKEHUN €
VICIIOJIb30BaHUEM MEXaHU3MOB, U3y4ECHHUE
peoOpazoBaHusl YIIIOBO CKOPOCTHU B
pEnYKTOpE.

AHaJIN3 HAIIPaBIICHHUs] CKOPOCTH MPH
JNBU)KEHUU IO OKPYKHOCTH. Pemenune
PacUY€THBIX 3a/1a4 C SIBHO 3aIaHHOU U
HESBHO 3aJJaHHON (DU3UUECKON MOJIENIbIO
C UCIIOJIb30BaHUEM OCHOBHBIX 3aKOHOB U
dbopMyT KHHEMATHKH.

Pemrenne kauecTBEeHHBIX 3a/a4,
TpeOyIOIUX TPUMEHEHNS 3HAHUH 110
KHHEMAaTHKE.

OObscHEHHE YCTPONCTBA U MPUHIIUIA
NEUCTBUA CIUAOMETPA, LEIHBIX,
ecTepEHYATHIX U PEMEHHBIX IIEpeaay,
CKOPOCTHBIX JTU(TOB.

42



TexHuueckue yCTpoucTBa u
TEXHOJIOTMYECKUE IPOLIECCHI:
CIIUJIOMETDP, ABUKECHUE
CHaps10B, LICTIHbIE,
ecrepeHyaThle U peMEHHBIE
repesayu, CKOPOCTHBIE
TUQTHI

OObsicHEeHUE ABUKEHUS CHAPSI/IOB.
Onpenenenre ycaoBUl IPUMEHUMOCTH
Mojeniel GU3MUeCcKUX Tell ¥ MPOLIECCOB
(sIBNIEHUI ): MaTepUaibHask TOUKA,
PAaBHOYCKOPEHHOE ABUKEHUE, CBOOOAHOE
najeHue.
BrinonHnenne yueOHbIX 3aaHUI
Ha aHaJIM3 MEXaHUYECKUX MPOIIECCOB
(SIBJIEHUI ) C UCTIOIB30BAaHUEM OCHOBHBIX
MOJIOKEHHUI ¥ 3aKOHOB KNHEMATHUKH:
OTHOCUTEIBHOCTh MEXaHUUYECKOTO
JBIDKEHU S, POPMYJIIbI KHHEMATHKHU
PaBHOYCKOPEHHOTO IBUKEHUS,
npeoOpazoBanus ["anumes s CKOpocTu
Y TIEPEMEILICHHS.
Ucnons3zoBanue IT-texnonoruii npu
paboTe ¢ TOMOTHUTETLHBIMU
MCTOYHUKAMU UH(OpMaIIMH 110 TEME, UX
KPUTHUYECKUW aHAJIN3 U OLICHKA
JIOCTOBEPHOCTH

2.2

JlnHamuka

10

[IepBsIii 3ak0H HproTOHA.
HNuepumnanbHbIe CHCTEMBI
orcuérta. [IpuHIMI
OTHOCHUTEJIbHOCTH [ anues.
HeunepunanbHbie CUCTEMBI
OTCU€Ta

(ompeneneHue, NpuMepsI).
Macca tena. Cuina. [ puHuun
CyNEepIO3ULIUM CHUJL.

Bropon 3akoH HeroToHa miist

[TpoBeacHME KOCBEHHBIX U3MEPECHUM
PaBHOAEUCTBYIOILIEN CUJI U
Kod(ppHUIIMeHTA TPEHUS CKOTBKCHUS,
MPOBEECHUE UCCIICIOBAHUS
3aBUCUMOCTEHN (PU3NIECKUX BEIHUMH (CHII
yOPYTOCTH, BO3HUKAIOIINX

B IPY>KHHE U PE3MHOBOM 00pasiie, OT Ux
nedopMaim) 1 OrbITOB

10 TPOBEPKE MPEAJI0KEHHON TUITOTE3bI
P W3yYCHHUH JIBIKCHUS OpycKa
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MaTEepUAITBHOU TOYKH. Tpernit
3akoH HprotoHa 1151
MaTepHUaIbHBIX TOYEK.
3aKOH BCEMUPHOTO
TATOTEHUS. DKBUBAJICHTHOCTD
IPaBUTALIMOHHOW U UHEPTHOMN
MACCBI.
Cuna TsKecTd. 3aBUCUMOCTD
YCKOPEHHUSI CBOOOTHOTO
NaJICHUS OT BBICOTHI
HaJl TOBEPXHOCTBIO IUIAHETHI
U 0T reorpaduyeckomn
UPOTHL. JIBUKEHHE
HEOECHBIX TEJ U UX
CIyTHUKOB. 3akoHbI Kemepa.
[lepBast kocmMuueckas
CKOpOCTb.
Cuna ynpyroctu. 3akoH ['yka.
Bec Tena. Bec tena,
JBHKYIIETOCS C YCKOPEHUEM.
Cuna tpenus. Cyxoe TpeHHe.
Cuna TpeHus CKOJIbKEHUA U
CHUJIa TPEHUS MOKOS.
Koadpdumment tperus. Cuna
CONPOTHUBJIECHUS MPU
JBH>KCHUU TeJa B )KUJIKOCTH
WU rase, €€ 3aBUCHUMOCTD OT
CKOPOCTH OTHOCHUTEIBHOTO
JIBHKEHUS. [laBieHue.
I'mppocraTnyeckoe

110 HAKJIOHHOM TUIOCKOCTH, ABUKCHUS
CUCTEMbI CBS3aHHBIX TeJ, AehopMaliu
TeJl.

Omnpenenenre aOCOMOTHBIX
OTHOCHUTEBHBIX TTOTPEITHOCTEH
M3MEpPCHUN (PU3NUECKUX BEITMUH.
OueHka rpaHul HOTrPeIIHOCTEN.
HccnenoBanue ABUKEHUS CHCTEMBI TETI,
CBSI3aHHBIX HUTHIO, IEPEKUHYTOH depes
AErkuit OJIOK, ABUKEHUS OpycKa

10 HAKJIOHHOM TIJIOCKOCTH C TIEPEMEHHBIM
KO3 PUIIMEHTOM TPEHHUSI, ABUKEHUS TPy3a
Ha Bajly C TPECHUEM.

HaGnronenue nBrxeHust T B
WHEPIUATBHBIX 1 HEMHEPIUATBbHBIX
CUCTeMax OTcuéra, HarpuMep, KaueHus
JBYX MAJWHIPOB WJIU IIIAPOB Pa3HOM
MaccChl C OJJMHAKOBBIM YCKOPEHHUEM
OTHOCHUTEILHO HEMHEPIIUATLHON
cucteMsl oTcuéra. M3yuenune
IIEHTPOOEKHBIX MEXaHN3MOB. CpaBHEHHUE
CHJI TPEHUS TIOKOS, KAUCHUS U
CKOJIbKEeHUs. Perienne pacuéTHhIX 3a/1a4
C SIBHO 3aJIaHHOM W HESIBHO 3aJaHHOM
(U3UIECKON MOJICITBIO

C UCIIOJIh30BAaHNEM OCHOBHBIX 3aKOHOB U
dbopMysT KHHEMAaTUKHU W TUHAMHKH.
Pemenne kauecTBeHHBIX 3aj1a4,
TpeOYIOMUX MPUMECHEHUS 3HAHUN

110 KHHEMATUKE U JTUHAMUKE.
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nasienue. Cuna Apxumena.
TexHnYeCcKHne yCTpOUCTBA U
TEXHOJIOTUYECKHUE MPOLECCHI:
MOAIINITHUKY, IBUKEHUE
MCKYCCTBEHHBIX CITyTHUKOB

OObsicHEeHUE YyCTPONUCTBA U TPUHIUTIA
NENUCTBUS MOAIIUITHUKOB.

OObsicHEHUE JBUKEHUS HCKYCCTBEHHBIX
CITyTHUKOB.

Ornpenenenue ycaoBUd NIPUMEHUMOCTH
Mojieel (PU3MYeCKUX TEN U MPOIECCOB
(ssBNIEHUI ): MHEpIIMATbHAS CUCTEMA
0TCY€Ta, MaTepUaibHas TOYKa,
a0CoJIIOTHO ynpyras aedopmariusi.
Brimonnenne yaeOHbBIX 3aaHUI

Ha aHaJIN3 MEXaHUYECKUX MPOLIECCOB
(SIBTIEHUI1) C UCTIOJIB30BAHUEM OCHOBHBIX
MOJIOKEHHUI Y 3aKOHOB IMHAMUKU: TPU
3akoHa HproToHa, MpuHLHKI
OTHOCUTENbHOCTH ["anuiies:, 3aKoH
BCEMUPHOTO TATOTEHUS.

PaboTa B rpynnax mnpu o0CyxJ1eHUU
BOIIPOCOB MEKIIPEAMETHOTO XapaKTepa
(Hanpumep, 1o TeMe «/JIBrxenue

B IPUPOJIEN)

2.3

Cratuka
TBEPIOrO Tena

AOCOIIOTHO TBEPI0E TENO.
[ToctynarensHOE 1
BpaIllaTeIbHOE JBUKEHUE
TBEPIOro Tejla. MOMEHT CHIIBI
OTHOCHUTEIIBHO OCY BPALLICHHUS.
IIneyo cumel. CiiokeHUE CHII,
MPUJIOKEHHBIX K TBEPAOMY
Tely.

LlenTp Ts0KECTH TETIA.

Y ¢JI0BUS paBHOBECUS

[IpoBeneHue uccnenoBanus yCciIOBUN
paBHOBECHS TBEPAOTO TEJIa, UMEIOIIETO
OCh BpalllEHHUs; KOHCTPYHUPOBAHUE
KPOHIITEWHOB U PACUET CUJT YIIPYTOCTH;
U3YUYEHHUE YCTOMUYHUBOCTH TBEPIOTO TENA,
HMMEIOIIETO JIOIAb OMOPHI.

Pemenue pacy€THbIX 3a/1a4 C SIBHO
3aJITaHHON U HESIBHO 3a/JaHHON

(bu3UYECKON MOJIETBIO C UCTIOJIb30BAHUEM

OCHOBHBIX 3aKOHOB ¥ ()OPMYJI CTATHUKHU.
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TBEPIOTO TEJIA. Y CTOMYUBOE,
HEYCTOMUnBOE, 0€3pa3IndHoe
paBHOBECHE.

TexHuyeckue ycTponcTa u
TEXHOJIOTUYECKUE ITPOLIECCHI:
KPOHILUTENH, CTPOUTEIbHBIN
KpaH, permeryarbie
KOHCTPYKLIUU

Pelienre kauecTBEeHHBIX 3a]1a4,

TpeOYIOIUX TPUMEHEHUS 3HAHUH TI0

CTaTHUKE.

OOBsicHEHHE YyCTPOICTBA U IPUHIIMIIOB

JEUCTBHS KPOHIITENHA, CTPOUTEIIBHOTO

KpaHa, peméT4aThIX KOHCTPYKITHM.
OmnpeneneHue ycaoBUd IPUMEHUMOCTH
Mojenel (pu3ndecKux Teil: abCoI0THO
TBEPIOE Teo0. BrinmoiHeHNE y4eOHBIX
3aJJaHu} Ha aHAIN3 MEXaHUYECKUX
MIPOIIECCOB (SIBJIICHUIN) C
MCII0JIb30BAHUEM OCHOBHBIX TOJIOKECHHIM
Y 3aKOHOB CTATUKH: YCIOBUS
paBHOBeCHUS TBEPJIOTO TeJa

2.4

3aKOoHEI
COXpaHEHMUS B
MEXaHUKE

10

Nmnynec maTepruanbHON
TOYKH,

CUCTEMbI MaTEPUATbHBIX
touek. LleHTp Macc cuctembl
MaTepHUaIbHBIX TOYEK.
Teopema 0 IBMKEHUU LIEHTpA
Mmacc.

WMty nbC CUiIbl M UI3MEHEHUE
UMITyJIbCA TENA.

3aKOH COXpaHEHUs UMITYJIbCA.
PeaktuBHOE nBUXEHUE.
MomMeHT nmnyibca
MaTepUaIbHOU TOYKH.
[Ipencrasienue o0 COXpaHEHUN
MOMEHTA UMITYJIbCA B
HEHTPaAJIbHBIX MojsiX. Pabora

[IpoBeneHre KOCBEHHBIX U3MEPEHUI
UMITYJIbCa TeJla, KWHETUYECKOU U
MOTEHIIMAJILHOW YHEPTUU TENa,
MOIITHOCTH CHJIbI; POBEJICHUE OIBITOB 10
MIPOBEPKE MPEAJIOKEHHOMN TUIIOTE3bI PU
V3Yy4YE€HUU PABHOYCKOPEHHOTO
MPSIMOJIMHEUHOTO ABWYKECHUS U
B3auMojieicTBUs Tea. OnpeneneHue
aOCOJIIOTHBIX U OTHOCUTEILHBIX
MOTPENTHOCTEN U3MEPEHHM HU3UIECKUX
BesimuurH. OlleHKa TpaHuIl
norpemHocten. [Iposenenue
AKCIIEPUMEHTA 110 CPABHEHUIO U3MEHEHUS
MMITYJIbCA TEJIa C UMITYJIbCOM CHJIBI,
W3MEHEHHUs TOTEHIMaIbHON SHEPTUHU
NPY>KUHBI C pA00OTOM CHIIBI TPEHUS.
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CHUJIbI Ha MAJIOM U Ha
KOHEYHOM IEPEMEIICHUH.
['paduueckoe npeacraBiaeHue
paboThI cuyIbl. MOIIIHOCTH
CHJIBL.
Kunernueckas sueprus
MaTEPUAIIBHON TOUKHU.
Teopema 00 U3MEHEHUU
KMHETUYECKOU YJHEPTUH
MaTepUaTIbHON TOYKHU.
[ToTeHnManbHBIE U
HENOTCHUUAJIbHBIE CUJIBI.
[TorenunanbHas SHEPTUSL.
[ToTreHumanbHas SHEPrUs
ynpyro J1eopMHUpOBaHHON
PY>KUHBI.
[TorenunanbHas sHEprus Tena
B OJJTHOPOJHOM
IrPaBUTALIMOHHOM TIOJIE.
[TorenuuanbHasg SHEPTUS TEa
B TPABUTAIMOHHOM I10JIE
OJIHOPOJHOTO 111apa (BHYTPHU U
BHE I11apa).
Bropas kocMuueckas
CKOpOCTb. TpeThs
KOCMHMYECKast CKOPOCTb.
CBs13b pabOTHI
HENOTEHIUAIBHBIX CUJI C
M3MEHEHUEM MEXaHUYECKOU
DHEPI'MMU CUCTEMBI TEJ. 3aKOH

HccnenoBanue coxpaHeHUsI UMITYJIbCa
IIpY YIPYTOM B3aUMO/ICHCTBUH,
COXpPaHEHUS PHEPTUH MPHU CBOOOTHOM
TaJICHUH.

Omnpenenenre pabOTHl CUITBI TPEHUSI TIPU
JBHKEHUH TeJia 10 HaKJIOHHOM
miockoct. Habmoienne u o0bsiCHeHNE
PEaKTUBHOTO JIBUKEHUSI.

Pemienue pacué€THbIX 3a71a4 C IBHO
3aJIaHHOW Y HEABHO 3aJJaHHOM
(bU3UIECKON MOJICTIBIO C UCITOIb30BaHUEM
OCHOBHBIX 3aKOHOB U (hOPMYJI MEXaHUKH.
Pemenne kauecTBEHHBIX 3aj1a4,
TPEOYIOITUX TPUMEHEHHS 3HAHUHN T10
MEXaHUKE.

OOBsicCHEeHHUE TPUHIIMIIOB JSHCTBUS
BOJIOMETA, KOIEPA, NPYKUHHOIO
MUCTOJIETa, TUPOCKOTIA.

OObsicCHEHUE ABUKEHUS PAKET,
(buUrypHOro KaTaHusi Ha KOHbKax.
Onpenenenue yclioBUi NPUMEHUMOCTH
Mojenel PU3NUECKUX TeJl U MPOIECCOB
(siBy1eHHUH): aOCOJIIOTHO YIIPYroe u
a0COJIIOTHO HEYNPYTOe CTOJKHOBEHHUSI.
BrinonHenne yueOHbIX 3aaHMiA

Ha aHaJIM3 MEXaHUYECKUX MPOLIECCOB
(sBJICHUI) C MCTI0JIb30BAaHUEM 3aKOHOB
COXpaHEHMS B MEXaHUKE: 3aKOHBI
COXpPaHECHUS UMITYJIbCA U MEXaHUUECKOMN
SHEPIruH, CBI3b PAOOTHI CUJIBI C
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COXpPaHEHUSI MEXaHUYECKOMN
DHEPIruu. YIpyrue u
HEYIIPYTU€ CTOJIKHOBEHHS.
YpaBaenue bepnyim s
UJICATBHOM KUJKOCTH KakK
CJIEICTBHE 3aKOHA
COXpPaHEHHS] MEXaHUYECKOMN
SHepruu. TexHudyeckue
YCTPOMCTBA U
TEXHOJIOTUYECKHUE TIPOLIECCHI:
JBWKCHUE PAKET, BOJOMET,
KONEP, NPYKUHHBIN
IIACTOJIET, TUPOCKOII,
burypHoe KaraHue Ha
KOHBKaX

U3MEHEHUEM MEXAHUYECKOW SHEPIUH
tena. Mcnonb3oBanue | T-TexHoIOTHH ITpU
paboTe ¢ JOMOIHUTEIbHBIMU
UCTOYHUKAaMU UH(DOpPMAIIMH 110 TEME, X
KPUTHYECKUN aHAJIN3 U OLICHKA
JOCTOBEPHOCTU

Wtoro no pazgeny

35

Pa3nen 3. MoJjiekyJsipHasi pu3nka ¥ TepMOIMHAMHUKA

3.1

OCHOBBI
MOJIEKYJISIPHO-
KUHETUYECKOM
TEOpHUHU

15

OCHOBHBIE MOJIOKECHUS
MOJIEKYJISIPHO- KHHETUYECKOU
teopuu (MKT), ux onsiTHOE
ob6ocHoBanue. Juddysus.
bpoyHOBCKOE IBHXKEHHUE.
Xapakrep

JBUKEHHUS U B3aUMOICHCTBUSA
yacTul BeuecTtsa. Moaenu
CTPOEHUS T'a30B, KUIKOCTEN U
TBEPABIX TEJ U

00BbsSICHEHHE CBOMCTB
BEILIECTBA

Ha OCHOBE 3THUX MOJICJICH.

[IpoBeneHne n3MepeHnil mapaMeTpoB
rasa, IpoBEJICHUE UCCIICTOBAHUI
3aBUCUMOCTEHN (HU3NUECKUX BETUYNH U
OIIBITOB I10 MPOBEPKE MPEIIOKEHHON
TUIIOTE3bI ITPU U3YUYEHUH YCTAHOBIICHHS
TEIUIOBOTO PABHOBECHUS U U30IIPOLIECCOB B
rasax.

OnpeneneHre aOCOMIOTHBIX U
OTHOCHUTEJIBHBIX MOTPEIIHOCTEN
U3MepeHu PU3NUECKUX BEJIMUUH.
O1ieHKa TpaHull MOTPEITHOCTEM.
DKCIepUMEHTaIbHAs MPOBEPKA
YpaBHEHUSI COCTOSHUS UACATBHOTO rasa.

bu6mmoreka [IOK
https://m.edsoo.ru/f16

b68d7
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Macca 1 pazMepbl MOJIEKY
(aTOMOB).

KonuyecTBo BemecTna.
[Tocrosnnas ABoraapo.
TeruioBoe paBHOBECHE.
Temnepatypa u criocoOb! eé
n3mepenus. [lkama
temneparyp Llenscus. Moenb
WJICaJIbHOTO Ta3a B
MOJIEKYISIPHO-KUHETHYECKOMN
TEOPUU: YaCTHUIIbI Ta3a
JIBHXKYTCSI XaOTUYECKHU U HE
B3aUMOJICHCTBYIOT APYT C
IpyroM. ['a30BbI€ 3aKOHBI.
YpaBuenue MeHieneeBa—
Knanetipona. AGcomtoTHas
TemIiiepaTypa (IKana
temriepatyp KenbBuna).
3akoH JlaapTOHA.
N3omnpoueccsl B ueaibHOM
ra3e ¢ MOCTOSIHHBIM
KOJMYECTBOM BEIIECTBA.
I'paduaeckoe npeacraBieHue
U30IIPOLIECCOB: H30TEPMA,
u30xopa, nzobapa.

CBsi3b MEX Ty IaBIICHUEM U
CpeIHEN KUHETHYECKON
SHEPTUEH

NOCTYIATEIbLHOTO TEMIOBOTO
JBHDKCHUST MOJIEKYJT

N3ydyenue moaenei: IBUKEHNUS YaCTHUII
BEILIECTBA, OPOYHOBCKOTO JIBUKEHUS.
onbiTa llITepHa, KpUCTATINYECKUX
PELIETOK.

Pemenune pacu€THbIX 3a/1a4 C IBHO
3aJJaHHOW W HESBHO 33/IaHHOU
(bU3UYECKOM MOJIENBIO C UCTIOIb30BAaHUEM
OCHOBHBIX 3aKOHOB U (popMy1
MOJIEKYJIIPHOUN (PU3UKH.

Pemenne kayecTBEHHBIX 3a]1a4,
TPEOYIOITUX TPUMEHEHHS 3HAHUH T10
MoJIeKyJIsipHOM Pusuke. OObICHEHHE
YCTPOWCTBA U MPUHIIUIIA ICHCTBUS
TepMoMeTpa, bapomerpa. OObICHEHNE
MOJIy4Y€HUS HAHOMAaTEpPHaJIOB.
Onpenenenue ycioBUi IPUMEHUMOCTH
Mojenel PU3NUECKUX TeJl U MPOIECCOB
(stBNIEHUI ): MOJIeTIel Ta3a, KUJIKOCTH U
TBEPIOTO (KPUCTAUTUYECKOTO0) Tea,
UJICAJIBHOTO rasa.

BrinonHenue yuyeOHbIX 3a/1aHU Ha
aHaJIu3 TEIJIOBBIX MPOIIECCOB (SIBJICHUM) €
HCTIOJIb30BAaHUEM

OoCHOBHBIX noJioxkeHnt MKT u 3akoHOB
MOJICKYJIIPHOM (DU3UKU: CBS3H JABICHUS
UJICAJIbHOT'O Ta3a CO CPEAHEN
KUHETHYECKOU SHEPTUEN TEILIOBOTO
JIBUKEHUSI M KOHLICHTPALIUEH €ro
MOJIEKYJI, CBSI3b TEMIIEPATYPHI BEIIECTBA
CO CpeHEH KMHETUYECKOW dYHEPTUEH
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UJeaIbHOTO raza (OCHOBHOE
YPaBHEHHE MOJIEKYJISIPHO-
KMHETUYECKOU TEOpUU
ujeanbHoro raza). Csizb
a0COIOTHOM TeMITepaTyphl
TEPMOIMHAMHUYECKOU
CHUCTEMBI CO CPEeHEN
KUHETUYECKOUN SHEPTUEN
MOCTYMATEIbHOTO TEMJIOBOTO
JBI)KEHUS €€ YaCTHLL.
TexHuueckue ycTpoucTsa u
TEXHOJIOTUYECKHUE MPOLECCHI:
TepMOMETp, bapomeTp,
MOJIyYEHHE HAHOMATEPHUAJIOB

TEIIOBOTO IBUKEHHUSI €0 YaCTHII, CBSI3b
JABJICHHS UECATBHOTO T'a3a C
KOHIICHTPALIMEN MOJIEKYJ U €T0
TEMIIEPATYPOH, YPABHEHUE
MenaeneeBa—Kianeipona

3.2

TepmonnHamMuk
a. TerutoBble
MalIuHBI

20

Tepmoaunamuueckas (T/1)
cucTeMa.

3aJjaHiE BHEIIHUX YCIOBUM
IJ1s1 TEPMOIMHAMHUYECKOU
cucteMbl. Buenrnme u
BHYTPEHHHUE NTAPAMETPBHI.
[TapameTpsl
TEPMOJINHAMHUYECKOU
CHCTEMBbI KaK CPEIHHUE
3HAYECHHUS BEIUYHH,
ONHCHIBAIOIINX €€ COCTOSIHUE
HAa MUKPOCKOITMYECKOM

N3mepenne yaenpbHONU TeIII0EMKOCTH
Pa3HBIX BEIIECTB, NX CPABHEHUE,
MIPOBEICHUE UCCIIEA0BAHUI
3aBUCUMOCTEH (DU3NICCKUX BEITUINH U
OTIBITOB TIO TIPOBEPKE MPEITOKCHHOU
TUTIOTE3BI PU U3YICHUH TPOIECCOB
TertooOMeHa 1 aiuabaTHOro Ipolecca.
Onpenenenre aOCOMIOTHBIX U
OTHOCHUTEIBHBIX ITOTPEITHOCTEH
U3MEPEHUN (PU3NICCKUX BEIIMUHH.
OueHka rpaHul] NOTPEIIHOCTEN.
N3yuenune B3auMOCBSI3U SHEPTUU

YPOBHE. MEKMOJIEKYJIISIPHOTO B3aUMOIEVCTBUS U
Hynesoe nayano TEMIIEPATypPbl KUIICHUS KUIKOCTEN.
TEPMOJVUHAMUKH. N3yyeHne TemoBbIX ABUTaTEIICH C
CamonpousBoibHas VICII0JIb30BAHMEM KOMITBIOTEPHBIX
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penakcarus
TEPMOIMHAMHYECKOU
CUCTEMBI K TEIJIOBOMY
PaBHOBECHIO.

Mopenp nneanbHOro rasa B
TEPMOJIMHAMHKE — CHCTEMa
YPAaBHEHHI: ypaBHEHUE
MenneneeBa—Knaneipona n
BBIpaKEHUE JJIsl BHYTPEHHEH
SHEPTUU. Y CIOBUS
IPUMEHUMOCTH 3TON MOJIEIIN:
HU3Kasi KOHLIEHTPAIUs YacTHll,
BBICOKHE TEMIIEPATYPBL.
Bripaxenue

JU1sl BHYTPEHHEW SHEprun
OJIHOATOMHOTO HJI€aJIbHOTO
ra3za. KBazucrarnueckue u
HECTAaTUYECKUE MTPOLIECCHI.
DOnemeHTapHas padboTa

B TEPMOJIMHAMUKE.
Brruucnenne paboTel o
rpaduky npoiecca Ha pV-
JTarpaMme.

Temnonepenayda kak crnocod
VU3MEHEHHUs BHYTPEHHEN
SHEPrumn

TEPMOJUHAMHYECKON CUCTEMBI
0e3 coBepIeHHs pabOTHI.
KonBekius,
TEIJIONPOBOIHOCTD,

Mojienien. McceieqoBanue pa3Hbix
CIoco0O0B U3MEHEHHUS BHYTPEHHEH
sHepruu. Pelienne pacu€THbIX 3a7a4 C
SIBHO 33/IaHHOM M HESIBHO 3aJJaHHOM
(bU3UYECKOM MOJIENBIO C MCITOIH30BAaHUEM
OCHOBHBIX 3aKOHOB H (popMyIT
MOJICKYJIIPHOUM (PU3HUKHU U
TEPMOJMHAMUKHU. Permenne
KAueCTBEHHBIX 3aJ1a4, TPEOYIOMINX
IIPUMEHEHNS 3HAHUM 110 MOJIEKYJISIPHOU
bu3uKe U TEPMOIMHAMHUKE.

OOBsICHEHHE YCTPOMCTBA U IIPUHIIAIIA
JIEUCTBUS XOJIOIWIbHUKA, KOHAULIMOHEPA,
JU3EIBHOTO U KapOHOpaTOPHOTO
JIBUTATEJICH, MapOBOM TYPOHHBI.
OOBsICHEHHUE TIOJIYYCHUS CBEPXHHU3KUX
TeMIEpaTyp, yTUIN3AIUNA «TETIOBBIX)
OTXOJI0B C UCMOJIb30BAHHUEM TEILJIOBOT'O
Hacoca, yTUIN3aluiu OMOOPTraHUuYeCKOro
TOTUIMBA J1J1s1 BBIPAOOTKU «TEIIOBOM» U
BIEKTPOIHEPIUH.

BrinonHenue yuyeOHbIX 3a/1aHU Ha
aHaJIN3 TEIJIOBBIX MTPOIIECCOB (SIBJICHUI) C
HCTIOJIb30BAaHUEM

OCHOBHBIX no10xkeHu MKT u 3akoHOB
MOJICKYJIIPHOM (PU3HUKHU U
TEPMOJMHAMUKU: TIEPBBIN 3aKOH
TEPMOJNHAMUKH, 3AKOH COXPaHCHUS
SHEPTUM B TEIUIOBBIX MPOLIECCAX.
Hcnonws3oanue IT-texnonornii npu
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U3IIyYEHUE.
KonnuecTBo TemnoThI.
TennoéMKOCTh Tea.

VY nenpHast U MOJISIpHAS
TEIJIOEMKOCTH BELIECTBA.
YpaBaenue Mariepa.

VY ienbHas TEIIOTAa CTOPAHUS
ToruiBa. Pacuér konmuecTna
TEIUIOTHI MPU TETUJIONEPENAYE.
[TonsTue

00 amrabaTHOM mpoliecce.
[IepBr1ii 3aKkOH
TEPMOJUHAMHUKHU.
BuyTtpennsis sneprusi.
KomunuecTtBo

TETJIOTHI U paboTa KaK MepbI
WU3MEHEHHUS BHYTPEHHEN
SHEPrUU TEPMOANHAMUYECKOMN
cucreMbl. Bropoii 3akoH
TEPMOJAUHAMUKH JJIsT
PaBHOBECHBIX MTPOLECCOB:
yepes 3aIaHHOE PAaBHOBECHOE
COCTOSIHUE
TEPMOIMHAMHUYECKOU
CHUCTEMBI MPOXOUT
eIMHCTBEHHAs anadara.
AOcoiroTHas Temmeparypa.
Bropoii 3akoH
TEPMOJIUHAMUKH

JIJ151 HEPAaBHOBECHBIX

paboTe ¢ TOMOTHUTEILHBIMU
HUCTOYHUKAMU HHGOPMAIIUU TI0 TEME, UX
KPUTHYECKUN aHAJIU3 U OIICHKA
JIOCTOBEPHOCTH.
AHanu3 u olieHKa MOCJIeICTBUM
HCIIOJIB30BaHUs TEIUIOBBIX JBUTATENIEH U
TEIUIOBOTO 3arpsi3HEHUS OKPY KatoIIen
Cpebl € MO3UIUN HKOJIOTUUECKOMN
0€30MacHOCTH; MPEACTaBICHUIN O
paloOHaIbHOM MPHUPOIOTI0JI30BaHHH (B
IpoIiecce MOATOTOBKH COOOIICHHH,
BBITIOJTHEHUH TPYIIIOBBIX IMTPOEKTOB)
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IIPOIIECCOB: HEBO3MOKHO
nepeaaTh TEIIOTy OT 0oJjiee
X0JIOJTHOTO TeJa K 0oJiee
HarpeToMy 0e3 KOMIIEHCAIlUN
(Knaysuyc). HeobpatumocTh
MIPUPOIHBIX MTPOIIECCOB.
[IpuHUMNIBI AEUCTBUA
Ter1oBbIX MammuH. KIT/I.
MaxkcumManbHO€E 3HAaYEHHE
KII/J. Hukn Kapho.
DKOJOTUYECKHUE ACTIEKThI
MCTI0JIb30BaHUs TEIJIOBBIX
nBurareneii. TemnaoBoe
3arpsi3HEHUE OKPYKaroIIei
Cpelpbl.

TexHuueckue ycTpoucTsa u
TEXHOJIOTUUECKHUE MTPOIIECCHI:
XOJIOTUIBHUK, KOHAUIIUOHED,
JIM3EJIbHBIN U KapOropaTOPHbIN
JIBUTaTely, apoBas TypOuHa,
MOJTy4EHUE CBEPXHUBKUX
TEeMIEepaTyp, YTUIU3aUs
«TEIJIOBBIX» OTXOJIOB

C MCIMOJIb30BaHHUEM TEIJIOBOTO
Hacoca, yTHIN3alus
OMOOpPraHNYECKOr0 TOILIMBA
JUISL BRIPAOOTKH «TEILJIOBOM U

AJIEKTPOIHEPTUH
3.3 ArperatHbie 14 [TapoobpazoBanue u Habmronenue cBOMCTB HACKIIIIEHHBIX
COCTOSTHHS KoHJeHcarus. Vcnaperue u 1apoB, MaJIBIX JAehOpMaIHii, MPOBEACHUE
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BEIILIECTBA.
daz3oBbIle
MIepEeXO0Ibl

KUIICHHUE. Y JeIbHAas TEIIoTa
napooOpa3oBaHus.
Haceruennslie u
HEHACBHIILICHHBIC TIapHI.
KauectBeHHast 3aBUCHMOCTH
IJIOTHOCTH U TaBJICHUS
HACBIIIEHHOIO Mapa OT
TEeMIEpPaTyphl, UX
HE3aBHUCUMOCTh OT 00BEMA
HACBIIIEHHOTO Mapa.
3aBUCHUMOCTh TEMIIEPATYPBI
KHUIIEHUS OT JaBJICHUS B
KUIKOCTH. BraxxHOCTh
BO3ayxa. AOCOIIOTHAS U
OTHOCHUTENbHAS BIIAXKHOCTb.
TBEpnoe terno.
Kpucramnmmueckue n
amop(dHbIe TeNa.
AHM30TPONHNS CBOVCTB
KpuctayioB. [1naBnenue u
KpUcCTaJIM3anus. Y 1efbHast
TEIJIOTA TIJIaBJICHUS.
Cyo6mumarus. Jlepopmarum
TBEPOrO TeJa. PacTsokeHue u
cxartue. Cnur. Monyinb
IOnra. Ilpenen ynpyrux
nedopmanmii. TeroBoe
paCIIMPEHUE KUIKOCTEU U
TBEPIBIX TeN, 00bEMHOE U
JIMHENHOE pacClIUpEHUE.

KOCBEHHBIX U3MEPEHUI

YAEIbHOU TEIUIOTHI IUIABJICHUS JIb/IA,
a0COJIIOTHOM BIIAKHOCTH BO3TyXa,

ko3 purreHTa MOBEPXHOCTHOTO
HaTsbKeHus, Mmoayas FOura.

N3ydeHune 3akoHOMEpPHOCTEN HCTIapEHUS
Y KUIEHUA )KUJIKOCTEHN, B TOM YHCIIE
KUIIEHUS NPY TOHW>KEHHOM JIaBJICHUH,
HarpeBaHUsl U TUIABJICHUS
KpHCTaJUIMYECKOTO BEIIECTBRA,
KANWUISIPHBIX SBJICHUH, CMAaUUBaHUS.
[IpoBeneHrE ONBITOB ¢ MBUIBHBIMU
wi€éHkamu. VccienoBanue Moaenu
HEHbIOTOHOBCKOM KUAKOCTH.

Pemienue pacu€THbIX 3a/1a4 € SIBHO
3aJIaHHOU U HESIBHO 3aJIaHHOM
(bU3UYECKON MOJIETBIO

C UCTIOJIb30BAHUEM OCHOBHBIX 3aKOHOB U
dbopmys MoJeKyIsIpHON PU3UKHU U
TEPMOJUHAMUKH. Pemenne
KAueCTBEHHBIX 3aJ1a4, TPEOYIOIINX
MPUMEHEHUS 3HAHUM 110 MOJIEKYJISIPHOM
busuke u TepmoanHamMuke. OOBICHEHNE
OCHOBHBIX MPUHIIUIIOB CTPOCHUS HKUJIKUX
KPUCTAJJIOB, MOJYYEHHUSI COBPEMEHHBIX
MatepuanoB. OnpeeneHue ycIoBUil
MIPUMEHUMOCTH MOJIenei PU3ndecKux Temn
Y MPOLIECCOB (SIBJICHUI): MOJIEJIEH ra3a,
JKUIKOCTH U TBEPAOTO
(KpUCTAJIIIMYECKOr0) TeJla, UeaTbHOIO
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AHrapMOHH3M TEIJIOBBIX
KOJIeOaHMI YacTuIl BEIECTBA
KaK MPUYMHA TEITIOBOTO
pacupeHus Tel (Ha
KaueCTBEHHOM YPOBHE).
[IpeoOpazoBaHue YHEPTHUU B
(a30BBIX TIEpexoIax.
YpaBHEHUE TETIIOBOTO
Oananca. [loBepxHOCTHOE
HaTSDKEHUE.
Koaddumment
IIOBEPXHOCTHOT'O HATSKECHHUS.
KanunnspHsie siBeHus.
JlaBieHue no1 UCKpUBJIEHHOU
IIOBEPXHOCTBIO KUIKOCTH.
®opmyna Jlarmmaca.
TexHuyeckue ycTpoucTBa u

TECXHOJOTMYCCKUEC ITPOICCCHI:

KUAKUC KPHUCTAJLIbI,
COBPCMCHHBIC MaTCpHUaJIbI

ra3a. BelmosnHeHne y4eOHbIX 3aJJaHui Ha
aHaJIN3 TETJIOBBIX MPOIIECCOB (SIBJICHUI) C
UCIIOJIb30BAaHUEM
ocHOBHBIX nTo10xkeHnii MKT u 3akoHOB
MOJICKYJISIPHOU (pU3UKU U
TEPMOJIMHAMHUKH: CBS3b JABICHUS
UJICATHHOTO Ta3a ¢ KOHIICHTpaIuen
MOJICKYJI ¥ €T0 TEMIIEPaTypoi,
ypaBHeHHne MenneneeBa—Kmaneipona,
NEPBBIA 3aKOH TEPMOIUHAMUKH.
PaGoTa B rpynmax mpu o0CyX1eHUN
BOITPOCOB MEXIIPEIMETHOTO XapaKTepa
(manpumep, 1o Teme «TermnoodmeH B
KUBOU TPUPOJIE)

Htoro no pazgeny
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Paznen 4. DaekTpoauH

aMHKa

4.1

DnekTpruyeckoe
noJie

24

DJeKTpu3alus Tel U e€
MPOSIBIICHUS. DIEKTPUUECKUI
3apsan. /J[Ba Buma
ANEKTPUUECKUX 3aPSI0B.
[IpoBOHUKY, TUDIEKTPUKU U
MOJIYIIPOBOIHUKH.
DJleMEHTapHbIN
JJIEKTPUYECKUH 3apsil.

[IpoBeneHre KOCBEHHBIX U3BMEPEHUN U
OTBITOB MO MPOBEPKE MPEITI0KEHHON
TUIIOTE3bI IIPU U3YUYEHUH
B3aUMO/ICHCTBUS 3apsHKEHHBIX TEll,
3apsijia KOHAEHCaTopa,
MOCJIEIOBATEILHOTO COCTMHEHUS
KOHJIeHcaTopoB. OnpeaeneHue
a0COJIFOTHBIX U OTHOCHUTEIBHBIX

bu6nmoreka [JOK
https://m.edsoo.ru/f16

b68d7
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3aKOH COXpaHEHUs
AIEKTPUYECKOTO 3aps/a.
BzaunmopericTBue 3apsios.
Toueunsle 3apsbl. 3aKOH
Kynona. Dnekrpuueckoe
nosie. Ero neicteue Ha
BJIEKTPUYECKUE 3apsSbI.
Hanpsxénnocts
3JIEKTPUYECKOTO MOJIS.
[TpoOuerIit 3apsin. Jlunuun
HaNPsHKEHHOCTU
3JIEKTPUYECKOTO TIOJISL.
OnHOPOIHOE NEKTPUUYECKOE
oJje.

[ToTeHUIManbHOCTH
3JIEKTPOCTATAYECKOTO ITOJIS.
PaznocTh noTeHImanos u
HaIpsDKEHUE.
[TorenuunanbHas YHEPTUS
3apsiga B JIEKTPOCTATHYECKOM
noJe.

ITorenman
3JIEKTPOCTATAYECKOTO MOJIA.
CBsi3b HANPSIHKEHHOCTY MOJIS U
Pa3HOCTH MOTEHIUAJIOB JIJIsI
3JIEKTPOCTATAYECKOTO TOJISt
(KaK OJIHOPOJIHOTO, TaK U
HEOJAHOPOAHOTrO). [TpuHIUI
CyNEepIO3ULIAN
AJIEKTpUYeCKuX nosien. [lose

MOTPENIHOCTEN U3MEPEHUM HU3UUECKUX
BennurH. OLIEHKA TpaHull
MOTPEIIHOCTEM.

Habnronenue npeBpallieHus SHEPTUU
3apsHKEHHOTO KOHJIEHCATOPa B SHEPT U0
U3ITyYEHHUs CBETOJINO/A, UCCIEA0OBAHUE
pa3psiia KOHJIEHCATOpa Yepe3 pEe3UCTOP.
N3ydeHune 3aBUCUMOCTH JIEKTPOEMKOCTH
IJIOCKOTO KOHJIEHCATOpa OT IJIOIIAAN
IJIACTUH, PACCTOSTHUSI MEXAY HUMU U
JTUBJIEKTPUYECKON MPOHUIIAEMOCTH.
N3yyeHne kKapTUH JTUHUAN
HaIPsKEHHOCTH SJIEKTPUUYECKOTO TOJIS
TOYEYHOT0 3apsiJia, PABHOMEPHO
3apsHKEHHOM c(hepbl, paBHOMEPHO
3apsHKEHHOTO 0 00BEMY 11apa,
PaBHOMEPHO 3apsKEHHOU OECKOHEUHOM
MJIOCKOCTH Y SKBUIIOTEHIIMATBHBIX
NOBEpPXHOCTEN. Pemenne pacyéTHbIX
3a7a4 ¢ SIBHO 3aJJaHHOUN U HEIBHO
3a1aHHOM (PU3UYECKOU MOJIETIBIO C
WCIIO0JIb30BaHUEM OCHOBHBIX 3aKOHOB U
dbopMyIT SIEKTPOCTATHKHY.

Penienune kauecTBEeHHBIX 3a/1a4,
TpeOYIOMUX TPUMEHEHUS 3HAHUH TI0
anekTpocratuke. OObsICHEHHE
YCTPOMCTBA U MPUHIUIIA AEUCTBUSA
3JIEKTPOCKOIIA, SJIEKTPOMETPA,
KOHJIEHCATOpPOB, TeHepaTopa Ban ne
I'paada. OObsacHeHUE PabOTHI
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To4Ye4Horo 3apsna. [Tone
PaBHOMEPHO 3apSKEHHOU
cdepsl. [Tone paBHOMEpHO
3apsSHKEHHOTO IO 00BEMY
mapa. [losie paBHOMEpPHO
3apsHKEHHON OECKOHEUHOM
mrockoctr. KapTunel muHMiM
HanpsoKEHHOCTH ATUX TOJIEH U
AKBUINIOTCHIIMAIbHBIX
noBepxHocTeu. [IpoBoHNKY B
JIEKTPOCTATUYECKOM II0JIE.
YcioBue paBHOBECUS
3apsiaoB. JU3IIeKTpuKy B
JIEKTPOCTATUYECKOM II0JIE.
Jusnextpruyeckas
MPOHUIIAEMOCTh BEIIECTBA.
Konpgencarop.
DIIEKTPOEMKOCTD
KOHJIEHCATOpa.
DIIEKTPOEMKOCTbD MJIOCKOTO
KoHJIeHcaTopa. [lapannensHoe
COEMHEHNE KOHJIEHCATOPOB.
[TocnenoBarenbHOE
COCAMHEHNE KOHIEHCATOPOB.
DHeprus 3aps>KEHHOTO
KOHJIeHcaTopa. [IBrxeHune
3apsHKEHHOM YaCTHUIIbI

B OJTHOPOJTHOM
AIEKTPUYECKOM IIOJIE.
TexHuueckue ycTpoucTsa u

JIEKTPOCTATUYCCKON 3aIIUTHI,
3a3eMJICHUS AJICKTPOIPUOOPOB.
OmnpeneneHne ycIoBU MTPUMEHUMOCTH
Moenel (GU3UIECKUX TEJT: TOUCUHBIH

3apsiji, OJHOPOHOE IEKTPUIECKOE TIOJIe.

BrinonHnenne yueOHbIX 3adaHUI
Ha aHAJIU3 JIEKTPUUECKUX MPOLIECCOB
(SIBJIEHUI ) C UCTIOIB30BAaHUEM OCHOBHBIX
MOJIOKEHUN U 3aKOHOB
3JIEKTPOJAMHAMUKHU: 3aKOH COXPAaHEHUS
AJIEKTPUYECKOTO 3apsiaa, 3akoH KyioHa,
IIOTEHIUAIBHOCTh
3JIEKTPOCTATAYECKOIO MOJIsI, HPUHLIUIL
CYIEPIIO3ULIMU AIIEKTPUUYECKUX IOJIEH.
Ucnons3oBanue IT-texnonoruii npu
paboTe ¢ TOMOTHUTEILHBIMU
MCTOYHUKAMU UH(OpMaIIMH 110 TEME, UX
KPUTHUYECKUW aHAJIN3 U OLICHKA
JIOCTOBEPHOCTH
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TEXHOJIOTUYECKHUE TPOLIECCHI:
AIIEKTPOCKOI, AJIEKTPOMETD,
AIIEKTPOCTATHYECKAS 3aIIHTA,
3a3eMJICHHE
AIIEKTPOIPUOOPOB,
KOHJICHCATOPHI, TCHEPaTOp
Ban ne I'paada

4.2

[TocTostHHBIM
DIEKTPUYECKUU
TOK

24

Cuna toka. [locToAHHBIN TOK.
VYcnoBus CylecTBOBaHUS
MOCTOSTHHOTO 3JIEKTPUYECKOTO
TOKa. VICTOYHUKH TOKaA.
Hanpspxenue U u 9J1C &.
3akoH Oma [J1s1 y4acTKa Leu.
DIIEKTPUYECKOE
COIIPOTHUBJIEHNE. 3aBUCUMOCTD
CONPOTUBJIEHUS OJHOPOHOTO
POBOJIHUKA OT €ro JIJTUHBI U
TJIOIIIA/IA TTONIEPEYHOTO
ceueHus. Y IeIILHOE
CONPOTUBJICHUE BEIIECTRA.
ITocnenoBarenbHOE,
napajielibHOE, CMEIIAHHOE
COEAMHEHUE IPOBOIHUKOB.
Pacuér pa3BeTBIEHHBIX
3JIEKTPUYECKUX LETIEH.
[TpaBuna Kupxroda.

PaboTa amexkTpuueckoro Toka.
3akoH J[xoynsa-Jlenna.
MOIIHOCTB AIEKTPUUECKOTO
Toka. TennoBasi MOIIHOCTB,

[IpoBenenne NpsIMbIX U3MEPEHNUN CHIIBI
TOKa M HaNpsHKEHUs, KOCBEHHBIX
U3MEpPEHUH YJIeTbHOTO COMPOTUBJICHHUS,
OJIC 1 BHYTPEHHETO CONPOTUBJICHUS
HMCTOYHMKA TOKA, TPOBEICHUE
HCCJIEIOBAaHUM 3aBUCUMOCTEUN
(U3UYECKUX BEJIMYHMH M OIBITOB

10 TPOBEPKE MPEAJI0KEHHON TUITOTE3bI
IIPU U3YYEHUH 1IeTIeH TOCTOSTHHOTO
Toka. OnpeaeneHne abCOMOTHBIX U
OTHOCHUTEJIBHBIX MOTPEIIHOCTEH
u3MepeHu PU3NUECKUX BEJIUUUH.
O1ieHKa TpaHull MOTPEMTHOCTEM.
N3ydenne KOpOTKOro 3aMbIKaHUS
rajJbBaHUYECKOI0 PJIEMEHTA U OIICHKA
BHYTPEHHETO CONPOTUBIICHUS. Pelienne
pacu€THBIX 3a/1a4 C SIBHO 33JITaHHOM U
HESIBHO 33JIaHHOM (hPU3HUECKOU MOJIEITHIO
C UCTIOJIb30BaHUEM OCHOBHBIX 3aKOHOB U
(dbopMyIT MOCTOSTHHOTO TOKA.

Pemenne kauecTBEeHHBIX 3aj1a4,
TpeOYIOIUX IPUMEHEHUS 3HAHUH U
3aKOHOB MOCTOSIHHOTO TOKa. OOBsICHEHHE
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BBIJIEIIsIeMast Ha pe3UCTOPE.
OJ1C 1 BHyTpeHHEE
CONIPOTHUBJICHUE UCTOYHUKA
Toka. 3akoH OMa JIJ1s MMOJIHOM
(3aMKHYTOI1) 3JIEKTpUUECKOIN
renyd. MonHOCTh HCTOYHHUKA
Toka. KopoTkoe 3aMbIKaHue.
Konpnencarop B nenu
MTOCTOSIHHOT'O

ToKa. TexHu4yeckue
YCTPOWCTBA U
TEXHOJIOTUYECKHUE MPOIIECCHI:
aMITIepMETp, BOIBTMETP,
peocTar, CUETUUK
AJIEKTPUYECKOMN YPHEPTUU

YCTPONCTBA M IPUHITUIIA

JCUCTBUS aMIIEpMETpPa, BOJIbTMET)A,
peocrtara, CYETUHKA DJICKTPUUECKON
sHepruu. BeimoaHeHue y4eOHbIX 3ajaHui
Ha aHaJIA3 AJICKTPUUYECKHUX MPOLIECCOB
(sSBJIEHUI) C MCTOJIb30BaHHEM OCHOBHBIX
MOJIOKEHUIN 1 3aKOHOB
3JIEKTPOJAMHAMMKH: 3aKOHBI OMa

JUJISL y9aCTKA LENH U 111 3aMKHYTON
BJICKTPUYECKOM IIETH, 3aKOH JIKOyJIIst—
Jlenna.

Pabota B rpynmnax mpu o0CykJ1eHUU
BOIIPOCOB MEXKIIPEIMETHOT O XapaKTepa
(Hampumep, Mo TeMe «DNEKTPUIECKHUE
SIBJICHUS B TIPUPOJIE )

4.3

Toxu B
Pa3IMYHBIX
cpenax

DJIEKTpUYECKAs
MPOBOJAMMOCTH PA3TUYHBIX
BEILIECTB. DJIEKTPOHHAs
IIPOBOAUMOCTD TBEPJIBIX
METAIIJIOB. 3aBUCUMOCTD
CONPOTUBJICHUS METAJIOB OT
TEMIEPATYPHI.
CBepXIpOBOJIUMOCTb.
DIIEKTPUYECKUM TOK B
BaKyyMe.

CBoiiCTBA PIEKTPOHHBIX
y4koB. [1omynpoBOgHUKHY.
CobOcTBeHHas 1 MpuMecHas
MIPOBOIMMOCTh
noJTynpoBOoAHUKOB. CBOMCTBA

[TpoBeneHNE KOCBEHHBIX U3MEPEHUN U
HCCJIEIOBAHUN 3aBUCUMOCTEN

MeXAy (GU3UICCKUMHU BETHINHAMU TIPH
W3YYCHUH MTPOIIECCOB MPOTEKAHMS
AJIEKTPUUYECKOTO TOKA B METaJIax,
AIEKTPOJUTAX U MOTYITPOBOTHUKAX.
Onpenenenre aOCOMIOTHBIX U
OTHOCHUTEJILHBIX IMOTPEITHOCTEH
U3MEpPEHUN (PU3NUECKUX BEJTMUHH.
OueHka rpaHul] NOTPEIIHOCTEN.
HaGnronenue snexTponusa, u3yueHue u
00BSCHEHHE TTPOBOIUMOCTHU
AIIEKTPOJIUTOB, SKCIIEPUMEHTAIILHOE

U3y4eHHE 3aKOHOB AIeKTposn3a Dapaes.

CHsiTHE BOJIBT-AaMIIEPHOI
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p-N-nepexoa.
[TonynpoBOAHUKOBBIE
IPUOOPHI.

DNEeKTPUYECKUNA TOK B
ANEKTPOJIUTAX.
DNEKTPOIUTHYECKAS

U CCOLMAIUS.

OnekTpoinns. 3akoHbl Papaznes
JUTSL BJIEKTPOJIN3A.
DNEeKTPpUYECKUN TOK B ra3ax.
CamocTosITENbHBIN U
HECAaMOCTOSITENIBHBIN pa3psl.
Paznuunbie TUIBI
CaMOCTOATEJIEHOTO pa3psiaa.
Mounus. [1na3ma.
TexHuueckue ycTpoucTsa u
IPaKTUYECKOE TPUMEHEHUE:
ra3opaspsAHbIC JaMIIbl,
ANIEKTPOHHO- JIyueBasi TpyOKa,
MOJIYIIPOBOJHUKOBBIE
npuOOpPBL: TUOJ, TPAH3UCTOD,
dboToAMO I, CBETOINO,
raJibBaHuKa, padhuHUPOBAHUE
Me€/IY, BBITIJIABKA aJTFOMUHUS,
AIIEKTPOHHASI MUKPOCKOIIUS

XapaKTEPUCTUKHU AUOJA.
CpaBHEHME IPOBOAUMOCTH METAJUIOB U
IIOJIyIIPOBOJIHUKOB.

N3yuenune nckpoBoro paspsaa u
IIPOBOJAMMOCTH BO3/1yXa.

Pemenune pacu€THbIX 3a1a4 € ABHO
3aJaHHOM U HESABHO 3aJaHHOM

(bU3UYECKON MOJIECTIBIO C UCTI0JIb30BAHUEM

3aKOHOMEPHOCTEN MOCTOSIHHOTO TOKA B
pas3nnyHbIX cpenax. Pemenue
KayeCTBEHHBIX 3a/1a4, TPEOYIOIINX
IPUMEHEHUS 3aKOHOMEPHOCTEN
IOCTOSIHHOT'O TOKa

B PA3JIMYHBIX CPElIax.

OObscHEHNE yCTPOUCTBA U PUHIUIIA
JNEUCTBUA ra3opa3psaHbIX JIAMII,
ANEKTPOHHO-TY4YEBOI TPYOKH,
MOJIyIPOBOJHUKOBBIX TPHUOOPOB: ANO/A,
TpaH3ucTOpa, (HOTOANOAA, CBETOIMOAA.
OObsicHEHUE CYyTH MPOIIECCOB:
raJibBaHUKH, paMuHUPOBAHUS MEAH,
BBITUTABKU aJTFOMHHMSL, SJIEKTPOHHOU
MUKPOCKOITUA

Hroro

1o pazjaeny

o4

Pa3znen 5. @®u3znyeckuii NPaKTUKYM

5.1

dusnueckuit
MPAKTUKYM

16

CniocoObl u3MepeHust
(bU3UYECKUX BEJIMYHH C
MCI0JIb30BAHUEM aHAJIOTOBBIX

[IpoBeneHne KOCBEHHBIX U3MEPEHUI,
HUCClIe0BaHN 3aBUCUMOCTEN
(bU3UYECKUX BEJIMYMH, POBEPKa

bu6mmorekxa [IOK
https://m.edsoo.ru/f16

b68d7
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U IU(GPOBBIX U3MEPUTEITBHBIX

npuoOpOB U
KOMITbIOTEPHBIX JIATYUKOBBIX
cucteM. AOCOJIOTHBIE U
OTHOCUTEJIbHBIE
IIOTPEIIHOCTHA U3MEPEHUMN
(pU3UYECKUX BEJIIMYUH.
Ouenka rpanui

NIPEIOKCHHBIX THUIIOTE3

(BBIOOD M3 paboT, OITMCAHHBIX B
TEMaTUYECKHX pa3jierax
«Y4YEeHUYECKUM DKCIIEPUMEHT,
n1abopaTopHbIC paOOTHI, MPAKTHKYM))

MOTPEIIHOCTEN
Wroro no pazgeny 16
PesepBHOE Bpemst 10
OBIEE 170
KOJIMYECTBO
YACOBIIO
I[TPOTPAMME
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11 KJIACC

Ne | HammenoBanue | Komnuec | IIporpamMmmuoe conep:xanue OCHOBHBIE BH]IbI IEATEIbHOCTH DNEeKTPOHHbBIE
I/ | pa3AenioB U TEM | TBO o0yJaromuxcs (unpossie)
y4eOHOT0 4acoB oOpa3oBaTelbHbIC
npeaMeTa pecypcesl
Pazjnen 1. DaekTpoamHaMmmuka
1.1 MaruutHoe 14 B3anmoneiictBue noctosiHHbIX | [IpoBe/ieHrE KOCBEHHBIX U3MEPEHUN bub6nuorexa HOK
ToJIe MarHuTOB M IIPOBOIHUKOB C CHJIBI AMIIEpa, TPOBEIECHHUE hitps://m.eds00.1u/398

TOKOM. MarauTHoe 1movie.
Bekxtop MmarHuTHOM
uHayKuuu. [TpuHiun
CyNepro3UIIUA MAarHUTHBIX
noJiel. JINHUM MarHUTHOU
WUHTYKIUH.

MarauTtHo€E noJie MpoOBOIHUKA
C TOKOM (TpSMOro
MPOBOJIHUKA, KaTYIIKH U
KpyroBoro BuTKa). OmnbIT
Opcrena.

Cuna Amniepa, eé
HaIpaBJICHUE U MOJYJIb.
Cuna Jlopenna, eé
HaMnpaBJICHUE U MOJYJIb.
JIBrxeHue 3apsKeHHOU
YaCTUI[bI B OTHOPOTHOM
MarHuTHoM nojie. Pabora
cuiibl JIopeHua.

MarauTHoe 1noJie B BEUIECTRBE.

MCCIIEIOBAHUS 3aBUCUMOCTEN MEXKITY
(hU3MYECKUMU BEIMUMHAMU U OMBITOB MO
MIPOBEPKE MPEIJIOAKEHHON TUIIOTE3bI MPU
M3YUYEHUH JIEUCTBUS MOCTOSHHOTO
MarHuTa Ha paMKy C TOKOM,
B3aMMO/ICHCTBUS MPOBOJHUKA

C MarHUTHBIM noJieM. OnpeaeneHue
a0COJIFOTHBIX U OTHOCUTEIbHBIX
MOTPENTHOCTEN U3MEPEHHM HU3UUECKUX
BesiM4uH. OlIeHKa TpaHuIl
MTOTrPEITHOCTEN.

HccnenoBanye MarHuTHOTO MOJIST
MOCTOSIHHBIX MarHUTOB, CBOMCTB
(beppoMarHeTUKOoB.

Onpenenenue ycioBUH NPUMEHUMOCTH
MOJIEJIA OJJHOPOJHOTO MAarHUTHOTO TIOJISL.
Ornpenenenue HanpaBiIeHU UHIYKIUN
MAarHUTHOTO TOJISl TPOBOJIHUKA C TOKOM,
cuibl Amriepa u cuisl JlopeHua.
WN3yueHue KapTHUHbI JUHUN UHIAYKIUH
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deppoMarHeTHKH, rnapa-

Y TUAMarHEeTHKHU.
TexHuYeCcKHne yCTpOUCTBA U
TEXHOJIOTUYECKHUE MPOLECCHI:
MIPUMEHEHUE MOCTOSTHHBIX
MAarHHUTOB, JIEKTPOMArHUTOB,
TECTEP-MYJIBTUMETD,
aNeKTpoABUTraTenb Skoowu,
YCKOPUTEIU 3JIEMEHTAPHBIX
YaCTHI]

MarHuTHOTO II0JISI TOJIOCOBOTO U
MOJKOBOOOPA3HOTO MOCTOSTHHBIX
MarHuTOB, JJIMHHOTO MPSAMOTO
MIPOBOJIHUKA, 3aMKHYTOT'O KOJIBIIEBOTO
MPOBOJAHUKA, KATYIIKHA C TOKOM.
OOBsicHEHUE B3aUMOJCHCTBUS ABYX
MIPOBOJAHUKOB C TOKOM, IEUCTBUS CUIIbI
JlopeHia Ha MOHBI 3JIEKTPOJINTA.
HaOnronenue aBUXeHUs myyka
AJIEKTPOHOB B MATHUTHOM MOJIE.
N3ydenne npuHuna AeUCTBUA
AIEKTPOUZMEPHUTEIHHOTO MpHOOopa
MarHUTOAJIEKTPUUECKOU CUCTEMBI.
Pemienre pacu€THbIX 3a/1a4 C SIBHO
3aJJaHHON U HESIBHO 3aJITaHHOU
(bU3MYECKON MOJIEITBIO
C MCIOJb30BaHNEM OCHOBHBIX 3aKOHOB U
dbopmyi o TeMe «K MarHUTHOE TOJIEY.
Penrenne kauecTBEeHHBIX 3a/1a4,
TPEOYIOITUX IPUMECHEHUS 3HAHUM 110 TeME
«MarHuTHoOE moJiey.
OOBsiCHEHHE YCTPOMCTBA U IPUHITUTIA
JeUCTBUS DJIEKTPOMArHUTOB, TECTEpa-
MYJIBTUMETPA, JIEKTpoABUTraTess Skoowu,
YCKOpUTEJEH 3JIEMEHTapHBIX YaCTHII.
OObsiCHEHNE MPUMEHEHHSI IOCTOSTHHBIX
MarduTOB

1.2

DJEeKTpOMardu

13

SIBIIEHME DIEKTPOMArHUTHON

IIpoBeneHue nuccnenoBaHus
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THas UHTYKIIHSI

uHaykuuu. [ToTok BekTopa
MarHuTHOM uHAYKIuu. I/JC
WHIYKIAH. 3aKOH
AIEKTPOMArHUTHON HHAYKIUN
@apanes. Buxpesoe
anekTpudeckoe nonie. Toku
Dyko.

O/1C nHIyK1IMu B
MIPOBOJHUKE, BIXKYIIEMCS B
OJTHOPOJHOM MarHUTHOM
ToJe.

IIpaBuiio Jlenna.
NunykruBHOCTh. Karymka
WHJIYKTUBHOCTH B LIETIH
MOCTOSIHHOTO TOKa. fIBneHne
camounaykiuu. IJ1C
CaMOMHAYKIUU. JHEPrus
MarHUTHOTO TIOJISI KATYIIKH C
TOKOM. DJIEKTPOMAarHuTHOE
noJie. TexHuueckue
YCTPOMCTBA U
TEXHOJIOTUYECKHUE MPOIECCHI:
WHYKIIMOHHAS M1€Ub,
COJICHOU/I, 3aIITUTa OT
AIEKTPHU3AIUU TET IPU
JIBHXKCHU U

B MarHUTHOM M0OJi€ 3eMJTU

3aBUCUMOCTEH (hU3NUECKUX BETUUHH U
OTBITOB I10 MTPOBEPKE MPEITTI0KEHHON
TUIIOTE3bI ITPU U3YUYEHUH SIBICHUS
AIEKTPOMArHUTHOM MHYKIIUH.
Onpenenenne MHAYKIUNA BUXPEBOTO
MAarHuTHOTO MOJIA.

OmnpeneneHue abCOMIOTHBIX U
OTHOCHUTEJBHBIX MTOTPEIIHOCTEN
M3MEpPEHUN PU3NYECKUX BEJIMUHH.
OneHka rpaHul NOTPEIHOCTEN.
DKCIIEpUMEHTAIIBHOE U3YUYEHNE IIPABUIIA
Jlenna.

HccnenoBanue ABIEHUS CAMOMHIYKIINH,
3aBucuMocT J/JC caMOMHAYKIIUH OT
CKOPOCTHU U3MEHEHHS CUJIbI TOKA B LIEIIH.
N3yueHnue najieHusi MarHuTa

B aJIFOMUHUEBOH (MenHOM) TpyOe. Coopka
MOJEIH AIEKTPOMAarHUTHOIO T€HEpPaTopa.
Pemenune pacu€rHpIxX 3a71a4 ¢ IBHO
3aJITaHHOM U HESIBHO 3aJJaHHOU
(bu3MYECKO MOJIETIBIO C UCTIOIB30BAHUEM
OCHOBHBIX 3aKOHOB U (hOpMYJI MO TEME
«ONEKTPOMArHUTHAS UHIYKLUS.
Pemienne kauecTBEHHBIX 33124,
TpeOyIOMIMX MPUMEHEHUSI 3HAaHUI 110 TeMe
«NEKTPOMArHUTHAS UHIYKIUS.
OObsicCHEHUE OCHOBHBIX MPUHIIATIOB
JICUCTBUS TEXHUYECKUX YCTPOMCTB U
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TEXHOJIOIMUECKUX MPOIIECCOB, TAKUX KaK:
MHAYKIIMOHHAs [1€4b, COJICHOU, 3aluTa
OT JIEKTPU3ALIUU Tl
IIPU JIBUYKEHUN B MATHUTHOM I10J1€ 3€MIIH.
PaboTa B rpynmnax npu o0CykJ1eHUN
BOITPOCOB MEXIIPEIMETHOT' O XapaKTepa
(Hanpumep, MO TeEMe
«DNEeKTPOMArHUTHBIE SIBJICHUS B

IPHUPOJIEN)

Uroro no pazgeny

27

Pa3gen 2. Kosied0anusa U BOJIHBI

2.1

MexaHnueckue
KoJIcOaHUSA

10

KonebarenbHas cucrema.
CBoOonHbIe Ko1e0aHus.
["apMonnyeckue KoaebaHusl.
Kunemarnueckoe u
JTUHAMHUYECKOE

ONMCAHUE. DHEPreTUUECKOE
onucaHue (3aKOH COXpPAHEHUS
MEXaHUYECKOI YHEPTUN ).
BriBoa 1TUHAMHUYECKOTO
OTMCAHMS TAPMOHUYECKUX
KoJIeOaHMil U3 X
HHEPTEeTUYECKOTO U
KHHEMATHYE€CKOTO OMMCaHUS.
Awmintyzaa u daza
kosneOanuit. CBs3b
aMIUTATY bl KOJIeOaHun
MCXOJTHOM BEJIMYMHBI C

[IpoBeneHre KOCBEHHBIX U3MEPEHUH,
HCCIICIOBAHMS 3aBUCHMOCTEH MEXTY
(hbU3UYSCKUMHU BEIMUMHAMU U OTIBITOB 10
MIPOBEPKE MPEII0KEHHON TUITOTE3bI MPU
M3Y4YCHUH KOJIeOaHW HUTSHOTO U
MPY>KUHHOTO MasTHUKOB, BEIHYK/IEHHBIX
1 3aTYXaIOMUX MEXaHUYCCKUX
KoJiebanuii. Onpenenenre abCOMOTHBIX U
OTHOCHTEIBHBIX TTOTPEITHOCTEH
M3MEPEHUN (PU3HYCCKUX BEIIMYHH.
OneHka rpaHul] NOTPEUIHOCTEN.
HabmroneHre He3aBUCUMOCTH ITEpHUoa
MaJbIX KojeOaHuii rpy3a Ha HUTU

OT aMIUTUTYbl. DKCTICPUMEHTAIbHAS
MPOBEPKa 3aKOHA COXPAHECHHS YPHEPTUU
IpH KOJIEOAHUSX TPy3a Ha TPYKUHE.
HaOmronenue pezonanca. OnpeneneHue

bu6nuorexa [IOK
https://m.edso0.ru/398
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aMIUTATyAaMU KojieOaHui e
CKOPOCTH M YCKOPEHHSI.
ITepron u yactora
koJiebanuii. [leproa ManbIx
CBOOOIHBIX KOJIcOaHMIt
MaTEMaTHUYECKOTO MasTHHKA.
[Tepuon cBOOOIHBIX
KOJICOaHMI MPY>KMHHOTO
MasiITHUKA.

[loHATHE O 3aTyXarOMMX
KoJieOaHusIX. BeIHYX1eHHbIE
KosicOanus. Pe3oHanc.
Pe3onancHas kpuBas.
Bnusinue 3aTyxaHus Ha BUT
PE30HAHCHOU KPUBOM.
ABTOKOJIEOAHNS.
TexHuueckue ycTpoucTaa u
TEXHOJIOTUYECKUE NPOLIECCHI:
METPOHOM, YacChl, KayeJlu,
MY3bIKaJIbHbIE HHCTPYMEHTHI,
cericmorpad

YCJIOBUM MPUMEHUMOCTH MOJICIIH
MaTEMaTHYECKOTO MasTHUKA U
WJICUTBHOTO MPYKUHHOTO MasiTHUKA.
Pemienune pacu€THpIX 3a71a4 ¢ IBHO
3aJaHHOU U HEIBHO 3aJaHHOU

(hU3MYECKON MOJIETBIO C UCTIOIB30BaHUEM

OCHOBHBIX 3aKOHOB U (pOpMYJI IO TEME
«Mexaandeckue konebanusy. Pemenne
Ka4eCTBEHHBIX 3aJ1a4, TPEOYIOIIHNX
MIPUMEHEHUS 3HAHUM 110 TEME
«MexaHndeckue KoJieOanus.
OOBsICHEHHE YCTPOMCTBA M TIPUHITUTIA
JICUCTBUSI METPOHOMA, YaCOB, Ka4eJIeH,
MY3bIKaJIbHBIX HHCTPYMEHTOB,
cericmorpada.

Hcnons3zoBanue IT-rexHonoru npu
paboTe ¢ TOMOTHUTEILHBIMU
HMCTOYHUKAMU UH(OpMALIUU TI0 TEME, UX
KPUTUYECKUN aHAJIN3 U OLICHKA
JIOCTOBEPHOCTH

2.2

DIIeKTpOMarHu
THBIC
KOJIeOaHUs

15

KonebarenbHbli KOHTYP.
CBoOoHbBIE
AIEKTPOMATrHUTHBIC
KoJeOaHms

B HJICATbHOM KOJIe0aTeIbHOM
KoHType. @opmyna Tomcona.
CBs13b aMIUTUTY/IBI 3apsiia

[IpoBeneHre KOCBEHHBIX U3MEPEHUN U
HUCCIIEe0BaHUs 3aBUCUMOCTEN
(GU3UYECKUX BEJIMYWH TIPU U3yUCHUH
AIIEKTPOMATHUTHBIX KOJIEOAHUH U Teneit
MEPEMEHHOTO TOKA.

Omnpenenenne abCOMOTHBIX U
OTHOCHUTEJIbHBIX MOTPEIIHOCTEH
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KOHJIEHCATOpa C aMIUTUTY0M
CWJIBI TOKA B KOJI€0ATETbHOM
KOHTYpE.

3aK0H COXpaHEHUS SHEPTUU
B H€aJIbHOM KOJICOaTEIILHOM
KOHTYpE. 3aTyXarollne
AIIEKTPOMArHUTHHIE
KoJieOaHusl. BeIHYX/IeHHbBIE
AIIEKTPOMArHUTHHIE
KoJIeOaHus.

[TepemenHbIi TOK. MOIIHOCTH
MIEPEMEHHOTO TOKa.
AMIITUTYTHOE U
JICCTBYIOIIEE 3HAYCHUE CUJIBI
TOKa ¥ HAMPSHKEHUS TIPU
pasnmuuHoi popme
3aBUCHUMOCTH MIEPEMEHHOTO
TOKa OT BPEMEHU.
CunycouanbHbIN
IepeMeHHbIN TOK. Pe3ucrop,
KOHJICHCATOp Y KaTyIlIKa
WHIYKTUBHOCTH B IIETIN
CUHYCOUJIAJILHOTO
MePEMEHHOT0 TOKa.
Pe3onanc TokoB. Pe3onanc
HaITPSKEHUN.

WneanbHblil TpancGopmaTop.
IIponsBoaCcTBO, IEpenaya u

U3MEpPEeHUM (PU3MUECKUX BEITUYHMH.
OueHka rpaHul NOTPEMIHOCTEN.
N3yuenue ycTpoiicTBa v MpUHIMIIA
nercTBus TpaHchopmaropa.
HaOnronenue 31eKTpoOMarHuTHOTO
pe30HaHca.
N3ydenune ocuuiuiorpamm
AJIEKTPOMArHUTHBIX KOJICOaHUMH.
Petiennie pacu€THbIX 3a/1a4 C SBHO
3aJaHHOU U HEIBHO 3aJaHHOU
(bu3nYECKO MOJIEIBIO
C HCIOJIb30BAHHEM OCHOBHBIX 3aKOHOB U
dbopmyI o Teme «INEKTPOMArHUTHBIC
KoseOaHus». Pelienrne kauecTBEHHBIX
3a/1a4, TpeOyIOIINX MPUMEHEHHS 3HAHUM
10 TeMe «DJIEKTPOMAarHUTHBIE
KoseOanus». CpaBHEHNE MEXAaHUUECKUX U
AJIEKTPOMArHUTHBIX KOJIEOaHUH.
OOBsiICHEHHE YCTPOMCTBA U TIPUHITUTIA
JIEUCTBUSI DJIEKTPUUECKOTO 3BOHKA,
reHepaTopa NEPEMEHHOTO TOKA, JINHUN
ANIEKTpoIepeaay.
Onpenenenue yclioBUi NPUMEHUMOCTH
MOJIENIHN UICaTbHOTO KOJeOaTeILHOTO
KOHTYpa. AHaJIU3 U OIIEHKA
MOCJEACTBUNA UCTIOIb30BaHUS
Pa3IMYHBIX CITIOCOOOB MTPOU3BOCTBA
AJEKTPOIHEPIUH C NO3ULMHI
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NOTpeOIeHUE AIEKTPUUECKON
SHEPIrUM. JKOJIOTUYECKHE
PHUCKHU TP TPOU3BOJICTBE
anekTposHeprun. Kynbrypa
VCIIOJIb30BaHUsA
AIEKTPOIHEPTHUH B
IMOBCEIHEBHOM >KU3HU.
TexHuyeckue ycTponcTsa u
TEXHOJIOTUYECKHUE MPOLECCHI:
AIEKTPUYECKUH 3BOHOK,
reHepaTop MEPEMEHHOTO TOKA,
JIMHUM DJIEKTponepeaay

HKOJIOTMUYECKOI 0€3011acHOCTH;
IPEICTaBICHUN O PALlMOHAIIBHOM
IPUPOIOIIOIB30BaHUH (B IIPOLIECCE
HOJTOTOBKU COOOIIEHUM, BBITIOJIHEHUN
IPYIIIOBBIX TPOEKTOB)

2.3

MexaHnndyeckue
51
AJIEKTPOMArHUT
HBIC BOJIHBI

10

MexaHn4ecKHUe BOJIHEI,
YCJIOBUS UX
pPacIpOCTPAHEHMUS.
[Tonnepeunsie ¥ MPOIOJIbHBIE
BOJIHEIL. [lepnon, ckopocTh
pacpoCTpAHEHHUS U AJIMHA
BOJIHBI.

CBolicTBa MEXaHHYECKHUX
BOJIH: OTPAXXKEHHE,
MPEJIOMJICHHUE,

uHTEephepeHIus U qudpaKius.

3ByK. CKOpPOCTbH 3BYKa.
I'poMkocCTh 3ByKa. BricoTa
toHa. TemOp 3ByKa. IllymoBoe
3arpsi3HEHUE OKPY KaroIen
Cpeapl.

Hab6nronenue o6pa3zoBanus u
pacnpoCTpaHEHUs MOTEPEUHbIX

Y MPOJIOJIBHBIX BOJIH, OTPAKEHUS U
pesioMIIeHUs, UHTephEpEHLIUN

U Tu(paKiuu MEXaHUIECKIX BOJIH,
aKyCTHUYECKOTO PE30HAHCA, CBS3H
TPOMKOCTH 3BYKa U BBICOTHI TOHA

C aMIUTUTYJION M YaCTOTOM KOoJieOaHUM.
N3ydyeHne CBOMCTB ybTpa3ByKa U €ro
npumeHeHus. MccinenoBanue CBOMCTB
AIIEKTPOMArHUTHBIX BOJIH: OTPaKEHHE,
MpeJIOMIICHUE, MTOSpU3anus, TudpaKiys,
uHTephepeHIus.

ObHnapy>xeHue nHppaKpacHoro u
yIbTPapuOIETOBOTO U3ITYUECHUH.
CpaBHEHHE MEXaHUUYECKUX U
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DIIEKTPOMAarHUTHBIE BOIHBI.
VYcnoBus u3nmydeHust
AIEKTPOMArHUTHBIX BOJIH.
B3auMHas opueHTarms
BEKTOPOB B, E°, v—>B
JIEKTPOMATHUTHOM BOJIHE.
CBoiiCTBa 3JIEKTPOMArHUTHBIX
BOJIH: OTpaXCHHUE,
MPEJIOMIICHUE, MOJIApU3aLus,
UHTEpPEPEHLIMS U
mugpakuus. [kana
AIEKTPOMATrHUTHBIX BOJIH.
[Ipumenenue
AJIEKTPOMArHUTHHIX BOJIH B
TEXHUKE U OBITY.
[IpuHLMTBI paTUOCBSI3H U
TeneBuacHUs. Pagnonokanus.
DJIEKTPOMarHuTHOE
3arpsi3HEHUE OKPYKarolen
cpenbl. TexHuueckue
YCTPOMCTBA U MPAKTUYECKOE
PUMEHEHUE: MY3bIKaJIbHBIC
UHCTPYMEHTHI, pajap,
pagUONIPUEMHHUK, TEJIEBU30D,
aHTeHHa, Tenedon, CBY-
neyb, yIbTPa3ByKOBas
JIMAarHOCTHKA B TEXHUKE U
MEAUIMHE

AIEKTPOMATrHUTHBIX BOJIH.
OmnpenenenHue yciaoBUM IPUMEHUMOCTH
MOJIeJI TAPMOHUYECKOMN BOJIHBI.
Pelenne kauecTBEeHHBIX 3a]1a4,

TPeOYIOIUX TPUMEHEHUS 3HAHUM 110 TEME

«MexaHn4YecKHe U AJICKTPOMAarHUTHBIE
BOJIHBD».
N3yueHnne napaMeTpoB 3BYKOBOU BOJIHBI.
N3ydeHune pacrpocTpaHeHUs 3ByKOBBIX
BOJIH B 3aMKHYTOM MPOCTPAHCTBE.
OOBsiCHEHHE YCTPOMCTBA U PUHITUTIA
JIEWCTBUS MY3bIKQJIbHBIX MHCTPYMEHTOB,
pazapa, paIuonpruéMHUKA, TeJIEBU30Pa,
aHTeHHbl, Tenedona, CBU-neun.
OObsicHEHUE yIbTPa3BYKOBOU
JHArHOCTUKHU B TEXHUKE M MEIUIIUHE.
Hcnons3zoBanue IT-rexHonoru npu
paboTe ¢ TONMOTHUTETbHBIMU
HMCTOYHUKAMHU HH(POPMAIIUH 110 TEME, UX
KPUTUYECKUN aHAJIN3 U OLICHKA
JIOCTOBEPHOCTH.
AHaiu3 U OlleHKAa MOCIEICTBUN
IITyMOBOTO Y 3JIEKTPOMArHuTHOTO
3arps3HEHUs OKPY Karolel Cpeibl ¢
MO3UIIMI DKOJOIrHYECKOH 0€30IaCHOCTH;
MPEJICTABICHUIN

0 palMoOHAJILHOM PUPOIAONIOIB30BAHUU

(B TIpo1IECCE MOATOTOBKH COOOIIICHHUI,
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BBITIOJIHEHUU TPYNIIOBBIX TPOEKTOB)

2.4

OnTuka

25

[TpssmonHetHOE
pacrnpocTpaHEHHE CBETA B
OJHOPOJIHOM cpene. JIyu
cBeTa. ToYeUHbIN UCTOYHHK
CBETA.

OtpaxxeHue cBeTa. 3aKOHBI
OTPa)KECHUS CBETA.
[TocTpoenune n300pakeHuil B
TJIOCKOM 3€pKaJie.
Cdepuueckue 3epkaia.
IIpenomiieHue cBeTa. 3aKOHBI
MPEJIOMIICHUS CBETA.
AOQCOJIOTHBIN MMOKA3aTENb
MPEJIOMIICHHUS.
OTHOCHUTENBHBIN TOKA3aTeNh
npenomiieHust. [IocTossHCTBO
4acTOTHI CBETA U
COOTHOIIICHUE JIJTUH BOJIH TIPH
nepexoie
MOHOXPOMAaTHYECKOTO CBETa
4yepes rpaHully pasjena IByX
ONITUYECKUX CPE.

XoJ a1y4den B IpU3ME.
Hucnepcust ceeta. CloXHBIM
cocTaB Oesoro cBera. L[BerT.
[lonHOE BHyTpEHHEE
orpaxxenue. lIpenenbHblii

HaoOmronenne onTUUecKuX sIBICHUH,
MIPOBEJCHNE KOCBEHHBIX N3MEPEHHUI,
VICCIICIOBAHUSI 3aBUCUMOCTEN
(hU3MYECKUX BEJIUYUH U OMBITOB

I10 ITPOBEPKE NPEMIOKEHHON THIIOTESBI
MIPY U3YYEHUH SIBIICHUU MTPEITOMIICHUS
CBETA HA TPAHUIIE pa3/ieiia IBYX Cpes,
MIPEJIOMJIEHUS CBETA B COOMPAIOIIEH U
paccenBarolIeil JIMH3aX, BOJTHOBBIX
CBOWCTB CBETA.

Habto1eHue nojiHoro BHyTPEHHETO
OTPAKEHMS, U3YYECHUE MOJIEIN CBETOBOIA.
[Toryuenue n3o0paxeHus B cucTeMe 13
IIJIOCKOI'O 3€PKajla ¥ JIMH3bI, B CUCTEME U3
nByx nuH3. KoHCcTpynpoBanue
TEJIECKOMMYECKUX CUCTEM.

N3ydenue nmonspusanmu cBeTa,
OTPaXEHHOT'O OT [IOBEPXHOCTH
JUAJIEKTPUKA, U3yYeHHEe UHTep(epeHunn
JIA3EPHOTO U3JIYYEHUS HA IBYX LIENSX.
ITonmy4yeHue criekTpa U3iy4eHust
CBETOAMOMA IIPU MOMOILIHN
nudpakioHHoN peméTku. Pemenue
PACUYETHBIX 3a/1a4 C SIBHO 33IaHHOU U
HESIBHO 33/IaHHOM (PU3NYECKOIM MOJIEIBIO
C HCIOJIb30BAHNEM OCHOBHBIX 3aKOHOB U
dbopmyn o teme «OnTukay. Pemenune
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yTOJ1 MOJTHOTO BHYTPEHHETO
OTpaXXEHUsI.

CoOupatomiue u
paccenBaroIve JTUH3HI.
Tonkas nuH3a. DokycHoe
PACCTOSIHUE 1 OTITHYECKas
CUJIa TOHKOM JIMH3BI.
3aBUCUMOCTH (DOKYCHOTO
PacCTOSTHUASI TOHKOM
chepuueckoil JIMH3bI OT €€

reOMCTPHUH U OTHOCHUTCIIbHOTI'O

IOKa3aTess MpeIOMIICHUS.
dopMyJia TOHKOU JTUH3HI.
YBennuenue, 1aBacMoe
JTMH30M. XO[ JIy4a,
IIPOLLEALIETO JIMH3Y MO
MIPOU3BOJIBHBIM YTJIOM K €€
TJIABHOM ONTUYECKOU OCH.
[TocTpoenue nzobpakeHui
TOYKH U OTPE3Ka IPSIMOU B
cOOMpaIOITUX U
paccenBarOIINX JUH3aX U UX
CUCTEMAX.

OnTuyeckue npudOpsI.
Pazpemaromas
cocoOHOCTH. [ '1a3 Kak
ONTUYECKAs] CUCTEMA.
[Ipenensl IPUMEHUMOCTH

KaueCTBEHHBIX 3a71a4, TPEOYIOIUX
MIPUMEHEHUS 3HAaHUU 110 TeMe «ONTHKay.
[TocTpoeHue u pacuéT u300paKeHUM,
CO3/1aBAEMBIX ITIOCKUM 3€pKaJIOM,
TOHKOMW JIMH30M.

Onpenenenue yciaoBril MPUMEHUMOCTH
MO/IeJI TOHKOW JIMH3bI; TPaHMII
MPUMEHUMOCTH T€OMETPUYECKOMN ONTUKH.
OObsicHeHnE 0COOEHHOCTEN MPOTEKAHUS
ONTUYECKUX ABJICHUN: HHTEeP(EPEHIUH,
Tu(ppakyu, TUCIIEPCUH, TIOJTHOTO
BHYTPEHHETO OTPAKEHUS.

OOBbscHEeHUE yCTpONUCTBA U MPUHIUIIA
JEHCTBHS OUYKOB, JIYIIBI, IEPUCKOIIA,
¢doToannapara, MUKpOCKOIA,
IIPOEKLIMOHHOIO aIapara,

T PaKIIMOHHOMN PEMIETKH, BOJIOKOHHOM
OITHKH.

OObsicHEHUE TIPOCBETICHUS ONTHKHU.
PaboTa B rpynmax npu o0CyXJ1eHUN
BOITPOCOB MEXIIPEIMETHOTO XapaKTepa
(manpumep, o TeMe «CBETOBbIE SIBJICHUS
B MIPUPOJICH)

71




reOMETPUUYECKOIN ONTHKH.
BonHoBas onTuka.
HNurtepdepenius ceera.
KorepeHTHbIE HCTOUHUKH.
VciioBusa HAOIIO IEHUS
MaKCMMyMOB 1 MUHUMYMOB B
UHTEPPEPEHITUOHHON
KapTHUHE OT JIBYX
KOTEPEHTHBIX HCTOYHUKOB.
[IpuMephI KITACCUYECKUX
UHTEP(PEPEHITMOHHBIX CXEM.
Judpakums cBera.
Judpakunonnas pemérka.
VYcnoBue HabmOACHUS
TJIaBHBIX MAKCUMYMOB TIPH
najicHUU
MOHOXpPOMaTHUYECKOI'0 CBETa

Ha TUPPAKIUOHHYIO PEHIETKY.

[Tosstpusanus ceera.
TexHuueckue ycTporucTBa u
TEXHOJIOTUYECKHUE TIPOLIECCHI:
OYKH, JIyIla, IIEPUCKOTI,
doToanmapat, MUKPOCKOTI,
IIPOEKLMOHHBIN armapar,
IIPOCBETIIEHNE ONTUKH,
BOJIOKOHHAs

OMTHKA, TU(paKIOHHAS
peLeTka
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Wroro no pazneny

| 60

|

Pa3znen 3. OcHOBBI crielMA/IbLHOI TEOPHH OTHOCHTENbHOCTH (1asee - CTO)

3.1 OcHOBBI 3) ['paHuLIBI TPUMEHUMOCTH [IpoBeneHre KOCBEHHBIX U3MEPEHUN bubmorexa [OK
CIIEIIHAILHON KJIACCUYECKOM MEXAHUKH. MMITYJIbCA U SHEPTUH PEISTUBUCTCKUX gggfl:/ /m.edsoo.ru/398
TEOPHUH [locTynarsl cienuanbHON yacTull (1o ¢poTorpagusiM TpEeKOB B
OTHOCHUTEJIBHOC TEOPUU OTHOCUTETHLHOCTH. 3apsHKCHHBIX YaCTHII B MATHUTHOM TI0JIE).

TH [IpocTpaHCTBEHHO-BPEMEHHOM | AHAJIU3 U OMHUCaHUE (PU3NMUECKUX
uHTepBal. [IpeobpazoBanus SIBIICHUH C MCIOJIb30BAaHNEM TTOCTYJIAaTOB
Jlopenna. Ycnosue CIEIHAIBHOW TEOPUH OTHOCHUTEIIBHOCTH.
HIPUYUHHOCTH. OOBbscHEHUE IpUHLMIIA IEUCTBUS
OTHOCHUTEIBHOCTD CIIyTHUKOBBIX IPUEMHUKOB, YCKOPUTENIEH
OJTHOBPEMEHHOCTH. 3apsKEHHBIX YaCTHUI]
3aMeIeHue BpeMEHU U
COKpAIICHHUE JUINHBI.

DHeprus U UMIYJIbC

PENATUBUCTCKON YaCTHIIBI.
CBsI3p MaccChl ¢ DHEPTUEN U
UMITYyJTbCOM PENSITUBUCTCKON
YaCTUIIBI. DHEPTHSI TIOKOSI.
TexHuueckue ycTpoucTsa u
TEXHOJIOTHYECKUE MPOIIECCHI:
CIIyTHUKOBBIE TPUEMHHUKH,
YCKOPHUTEIH 3apsyKEHHBIX
YJaCTHI]

Wroro no pazaeny &)

Pasnen 4. KBanroBasi puznka

4.1 Kopnyckymspu | 15 PaBHOBeCHOE TemIOBOE [IpoBeneHre KOCBEHHBIX U3MEPEHUH, bubmmorexa [IOK
0- BOJIHOBOM u3iydenue (M31ydeHue YCCIIEN0BAHUS 3aBUCUMOCTEN MEXK LY gggfl:/ fm.eds00.ru/398
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Jyalii3m

a0COJIFOTHO YEPHOTO Tea).
3akoH cmenieHus BuHa.
I'mnioresa Ilimanka o kBaHTax.
@DOTOHBI. DHEPTUS U UMITYJIbC
¢doTona. ®oto3hPext. OnbIThI
A.T". CroneroBa. 3aKOHBI
dbotorddexra. YpaBHeHUE
OUHIITEHHA IS
dbororddexra.

«KpacHas rpanuna»
dboTorddekra.

JlaBnenue cBeTa (B 4aCTHOCTH,
JlaBJIEHUE CBeTa Ha aOCOJIFOTHO
MOTJIOIAOIIYIO U a0COFOTHO
OTPAKAOUTYIO IOBEPXHOCTH ).
Omnwitel [1.H. JleGenena.
BoJiHOBBIE CBOKCTBA YaCTHIL.
BouHbl

ne bpoiuns. [InvHa BOIHBI 1€
Bpoiins u pazmepsl obnactu
JIOKAJIN3aluU IBUKYILEHCS
YaCTHIIbI.
KopnyckynsipHO-BOTHOBOM
nyanusm. Judpakius
AJIEKTPOHOB HA KpUCTaJIax.
Crnenu¢uka n3mMepeHuii B
Mukpomupe. COOTHOLIEHUS
HEOIPEICIIEHHOCTEN

bu3MYeCKUMHU BeTUYMHAMU

IIpU U3y4YeHUU siBJIeHUs GoTtorddexra.
Omnpenenenue abCOMOTHBIX U
OTHOCHUTENBHBIX MOTPEIIHOCTEM
M3MEpPEHUN PU3NUECKUX BEJIMUHH.
OueHka rpa”ull norpemHocren. Pemenue
pPacU€THBIX 3a7a4 C SIBHO 3aJITaHHOM U
HESIBHO 33JJaHHON (PU3NYECKOI MOJIETBIO
C UCIIOJIb30BAHUEM OCHOBHBIX 3aKOHOB U
dbopmyi o Teme «KBaHTOBBIE SIBIICHUS.
Pemenne kauecTBEHHBIX 3a/1a4,
TpeOYIOMUX TPUMEHEHNS 3HAHUHN TI0 TEMe
«KBaHTOBBIE SIBIICHUSD.

Ornpenenenue ycaoBUd IPUMEHUMOCTH
KBaHTOBOM MOJIEJIA CBETA.

AHanu3 KBaHTOBBIX MPOIIECCOB C
WCIIOJIb30BaHUEM YpPaBHEHUSI DUHIITEHA
111 poTodpdexra, mpuHIMIa
COOTHOILIECHUN

HeonpeaenéHHocTu [ 'eizendepra.
OOBsicCHEHUE IPUHITUTIA ISHCTBUS
CIEKTPOMETPA, (DOTOIIIEMEHTA,
dboToaaTurKa, TYHHEILHOTO MUKPOCKOIIA,
COJIHEYHOM OaTapeu, CBETOIMO/IA.
Hcnonp3oBanne [T-Texnonorui nmpu
paboTe ¢ TOMOTHUTEITLHBIMHU
HMCTOYHUKAMU HH(POPMAIIUH TI0 TEME, UX
KPUTHUYECKHUN AHAJIN3 U OLICHKA
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['eitzenOepra. TexHudeckue
YCTPOMCTBA U
TEXHOJIOTUYECKHUE MPOLECCHI:
CHEKTPOMETP, (POTOIIIEMEHT,
dhoToAaATUMK, TYHHETBHBIN
MHKPOCKOTII, COJTHEYHAs
OaTapesi, CBeTOUO]

JOCTOBCPHOCTH

4.2 dusuka aTroma OnbITHI O UCCITEIOBAHUIO Onpenenenue NJIMHBI BOJIHBI JIA3€PHOTO
CTPOEHHMS aTOMa. V3IIy4CHHUS.
[ImanerapHast MoAEIb aTOMa HaOnronenue nuHeyaThix CIIEKTPOB.
Pesepdopna. HccnenoBanue ciekTpa pa3peKeHHOTO
IToctrynartsl bopa. M3nydyenue | aromMapHOro BOJOPOAA U UBMEPEHUE
U rorJiommenue GOoTOHOB IPU | mocTosiHHOM Punbepra. M3yuenue
Iepexoe aToma ¢ OJJTHOTO YCTPOMCTBA U ICUCTBUS CUETUNKA
YPOBHS SHEPTUHU MOHM3UPYIOMMX yacTull. OnpenesieHne
Ha JIPYTOMu. YCJIOBUM MPUMEHUMOCTH MOJIEJIA aTOMa
Bunge! ciektpoB. Criektp Pesepdopaa. O0bsicHeHHE TPUHITUTIA
YPOBHEM SHEPrUU aToMa JIEUCTBUS CIIEKTPOCKOIA, JIa3epa,
BoJopoJa. CIOHTaHHOE U KBaHTOBOT'O KOMIIBIOTEpA. AHAIN3
BBIHYXJICHHOE U3JIy4eHUE KBaHTOBBIX ITPOIIECCOB HA OCHOBE
ceera. Jlazep. TIEPBOr0O ¥ BTOPOTO
TexHuueckue ycTpoucTaa u rocrysaros bopa
TEXHOJIOTUYECKHUE MPOLECCHI:
CIIEKTPaJIbHBIN aHAJIN3
(cmekTpockon), nasep,
KBAaHTOBBIM KOMITBIOTED

4.3 dusnka HyxiionHas Mmonens siapa IIpoBenenne n3amMepeHn paauoOaAKTUBHOTO

aTOMHOTO s1/Ipa

I'eit3enOepra— MBaHEHKO.

dbona
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51
AJIIEMEHTapHBIX
YaCTHIL

3apsn sapa. MaccoBoe 4nciio
saapa. M30Torsbl.
PannoaktuBHOCTh. Asb(ha-
pacnan. DJIeKTPOHHBIN U
MO3UTPOHHBIN OeTa- pacma.
['amma-n3nyuenue.

3aKOH paJIMOaKTUBHOTO
pacnaaa. PannoakTuBHbIE
M30TONBI B IPUPOJIE.
CBOMCTBAa HOHU3UPYIOLLIETO
u3iydyeHus. Bousaue
PaIOaKTUBHOCTHU HA KUBbIC
OopraHu3Mbl. ECTECTBEHHBIM
dbon uznydenus. JJozumerpus.
DHeprus CBsI3U HYKJIIOHOB B
Azpe.

Snepnsie cuibl. JlehekT
Macchl apa. JAnepHeie
peakuuu. /lesieHue u CUHTE3
aaep. AnepHbie peakTophI.
[IpoGnemsbl ynpaBiasieMmoro
TEPMOSIAEPHOTO CUHTE3A.
DKOJOTUYECKHUE aCTIEKThI
Pa3BUTUA SIEPHOU
SHEPIETHUKH.

Mertonel peructpanyu u
HCCIIEIOBAHUSI JJIEMEHTAPHBIX
YaCTHII.

C UCITIOJIb30BAaHUEM JI03UMETPA U
UCCJIEIOBAaHKUE TPEKOB YacTull (TI0
roTOBBIM (oTOorpadusim).

N3yuenue nornomieHus OeTa-4acTuil
ATFOMUHUEM.

Onpenenenue ycioBUHA NPUMEHUMOCTH
MOJEJIA aTOMHOTO Si/pa.

AHaJIN3 U OITMCAHUE AIEPHBIX PEAKIUM C
HCMOJIb30BaHUEM MTOHATUH MACCOBOE
YUCJIO U 3apsij siapa, SHEPTUs CBS3M Spa,
3aKOHOB COXPAHEHMS 3apsiia, MACCOBOTO
YuCJa U SHEPTUU B AJIEPHBIX PEAKIUSX,
3aKOHa paJMOaKTUBHOTO pacnaja.
OObsicHEHUE TPUHITUIIA JCHCTBUS
JI03UMETpa, KaMepbl BunbcoHa,
AJIEPHOTO PEAKTOpa, TEPMOSAEPHOTO
peakTopa, aTOMHOU OOMOBI, MArHUTHO-
PE30HAaHCHOM TOMOTrpaduH.

AHau3 U OlleHKAa BIUSHUS
PaIMOaKTUBHOCTH HA )KUBBIC
OpTaHU3MBbI, & TAKXKE MMOCIEICTBUM
Pa3BUTHUS SIICPHON YHEPTETUKHU

C MTO3UIIUU DKOJIOTHUYECKOHN
0e30MacHOCTH; IPEICTABICHUI

O pallMOHATILHOM MPUPOIONIOIH30BAHUU
(B mporrecce MOATOTOBKH COOOIICHUH,
BBITIOJTHEHHUS TPYNIOBBIX MPOEKTOB)
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@yH/1aMEHTAIIbHBIE
B3anUMOJEHUCTBUS. baproHbl,
ME30HBI U JICITOHBI.
[IpencraBienue o
CranpgaptHoit moaenu. KBapk-
TJIFOOHHASI MOJIENb aJPOHOB.
du3uKa 3a npeenamu
CrangapTHOW MOJENH.
TémHas marepus u TEMHas
sHeprus. EnquHcTBO
(U3MYECKON KapTUHBI MUpA.
TexHnueckue ycTporucTBa u
TEXHOJIOTUYECKUE POLIECCHI:
JIO3UMETP, Kamepa BuiibcoHa,
AIEPHBIN PEAKTOP,
TEPMOSIAEPHBIN PEAKTOD,
aToMHas 6oM0a, MAarHUTHO-
pE30HaHCHAas

TomMorpadus

Hroro no pazneny

25

Pa3nen 5. Di1eMeHThI aCTPOHOMUM M ACTPOPU3UKH

5.1

DJEeMEHTHI
aCTPOHOMMH U
acTpoU3UKH

12

Orarbl pa3BUTUSA aCTPOHOMUMU.
[Tpukinagnoe u
MHPOBO33PEHYECKOE 3HAYEHUE
acTpoHoMMH. [ I[puMeHMMOCTD
3aKOHOB (PM3UKH JIJIsI
OOBSICHEHUSI IPUPOIBI
KOCMHUYECKHX 0OBEKTOB.

Hab6monenue 38€31H010 HeOa
HEBOOPYKEHHBIM IJ1a30M

C HCTIOJIb30BAHUEM KOMITBIOTEPHBIX
MIPWIIOKEHUH JIJIS1 OTIPEICTICHUS
IT0JIOKEHUS HEOECHBIX 00BEKTOB Ha
KOHKPETHYIO JaTy: OCHOBHBIE CO3BE3US
CeBepHOTO MOJyIIapusi U SpKUe 3BE3IBI.

bubnunorexa LIOK
https://m.eds00.ru/398
59¢ef1
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MGTOI[BI ACTPOHOMHNUYCCKHUX
I/ICCJIe,I[OBaHI/II\(,I. COBpeMeHHble
OIITHYCCKHUC TCIICCKOIIBI,
PadInOTCIICCKOIILI,

BHeaTMOc(epHas aCTpPOHOMHUSL.

Buy 3B€3qHOTO HEbA.
Co3sBe3aus, sipkre 3BE31bI,
IUTAHETHI, NX BHIUMOC
nemkenue. ComHeyHas
CHCTEMa.

Connne. ConHeyHas
aKTUBHOCTL. MICTOUYHHUK
sHeprun ConHua U 3BE3.
3BE3/1bI, X OCHOBHBIE
XapakTepuCTUKU. narpamma
«CHEKTPaJIbHbBINA KJIacC —
CBETHUMOCTBY. 3BE3/IbI
rJIaBHOM
MOCJIEJOBATEIHLHOCTH.
3aBUCUMOCTH

«Macca — CBETUMOCTb» JIJIS
3BE31 IJIaBHOU
MOCJIEJOBATEIHLHOCTH.
BuyTtpeHHee ctpoeHue 3BE31.
CoBpeMeHHbIE ITPEICTaBICHHUS
O IIPOUCXOKJIECHUU U
spomronny CoJTHIIA B 3BE3]I.
DTamnsel KU3HU 3BE3]I.

Hao0mronenue B Teneckorn JIyHbI, IaHET,
TYMaHHOCTEW M 3BE3/IHBIX CKOIUICHUM.
VYyactue B IUCKYCCHH O pOJIv
aACTPOHOMMH B COBPEMEHHOU KapTHUHE
MHPA, B IPAKTAYECKOU AEATEIBHOCTH
YEJIOBEKA U TAJIbHEUIIIEM HAyYHO-
TEXHUYECKOM pa3Butud. [loaroropka
COOOIIEHUI 0 METOAaX MOJIYYECHUS
HAaYYHBIX ACTPOHOMUYECKUX 3HAHUM,

OTKPBITUSX B COBPEMEHHOW aCTPOHOMMUH.

[IprumeHeHne 0CHOBOIOJIATAKOIINX
ACTPOHOMUYECKUX MOHSATUM, 3aKOHOB U
TEOpHUH IS aHAIN3a U OOBSICHCHHS
(U3UIECKUX TPOLIECCOB, TPOUCXOSAIINX
B 3BE€3/1aX, B 3BE3IHBIX CUCTEMAX, B
MEXTAJTAKTUYECKOMN CpEe, IBUKEHUS
HEOCCHBIX TEJ, IBOJIIOLIMU 3BE3]T U
Bcenennoit
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Mueunsii [1yTe — Hama
['anakTuka.

[TonoxeHne u ABUKECHUE
Comnna B I'anaktuke. THIb!
raJaKTUK.

PanuoranakTvky v KBa3aphbl.
YeépHublie

JIBIPBI B SiIpax rajlakTHK.
Bcenennas. Paciuupenue
Bcenennoii. 3akon Xa06a.
Pa3beranue ranaktuk. Teopus
bonbioro B3pbiBa.
PenukroBoe uznyyeHue.
MacmtabHas CTpyKTypa
Bcenennoii. Meraramaktuka.
Hepeménnnsie mpo6ieMbl
aCTPOHOMUU

Uroro no pazgeny

12

Pa3nen 6. Pusnyecknii NPAKTHKYM

6.1

dusnueckuit
MIPAKTUKYM

16

CrniocoObl u3MepeHust
(U3UYCCKUX BEIMYHH C
HCIIOJIb30BaHUEM aHAJIOTOBBIX
1 T (PPOBBIX U3MEPUTEIHHBIX
puOOPOB U
KOMITHIOTEPHBIX TATYNKOBBIX
cucteM. AOGCOJTIOTHBIE U
OTHOCUTEIHHBIC
MOTPEITHOCTH H3MEPEHUI

[IpoBeneHre KOCBEHHBIX U3MEPEHUH,
HCCIIEIOBAHUM 3aBUCUMOCTEN
(bu3nyeCKrX BEIIMYHNH, TPOBEPKA
IpeJIOAKEHHBIX TUIIOTE3 (BBIOOD

u3 paboT, ONMMCAHHBIX B TEMAaTHUYECKHUX
pazzienax « Y Y4eHU4eCKUi SKCIEPUMEHT,
n1abopaTtopHble pabOThI, TPAKTHKYM))

but6mmorekxa [IOK
https://m.edso0.ru/398
59¢ef1

79




(bU3UYECKUX BEIIMYHH.
OruieHka rpaHuil
IIOTPENTHOCTEN

Wroro no pazgeny

16

Paznea 7. O0061aonee noBTOpeHne

7.1

CucremaTu3aij
U U
000011IeHE
IPEAMETHOTO
CoJIep)KaHus U
OIIBITa
JIEITCILHOCTH,
pPHOOPETEHHOT
0

TIPY U3yYEHUHN
Kypca pU3NKu
10-11 xnaccoB

15

O6o0061meHue u
CUCTEMATHU3aIIMS COCPKaHUS
pasaenoB Kypca
«MexaHuKay,
«MonekynsapHas Gu3nka u
TEPMOJIMHAMUKAY,
«INEKTPOAUHAMUKAY,
«KonebaHus 1 BOJTHBI,
«OcHOBBI CrIeIIUAIbHOM
TEOpUHU
OTHOCHTEIIEHOCTH,
«KBanToBas pusukay,
«JEMEHTBI ACTPOHOMHUH U
acTpopU3UKM».

Ponb pu3uku 1 acTpoHOMUM B
AKOHOMUYECKOM,
TEXHOJOTMYECKOM,
COLIMAJILHOM U 3TUYECKOU
chepax AesATeIbHOCTH
YeJI0BEKA, POJIb U MECTO
(GU3MKN U aCTPOHOMHH B
COBPEMEHHON HAYYHOHN
KapTHHE MUpPa, 3HAUYCHUE

VYyacTue B AUCKYCCUH O pOJI (PU3UKU U
ACTPOHOMUU B PA3JIUYHBIX cepax
NeATEIbHOCTH yesoBeka. Iloaroroska
coO0IIeHHH 0 MecTe HU3UIECKOM
KApTUHBI MUPA B PSAY COBPEMEHHBIX
MpEICTaBICHUN

o npupojie. BoimonHenue yueOHbIX
3aJaHUN, TIEMOHCTPUPYIOIIUX OCBOCHHUE
OCHOBHBIX TOHATUH, PUINIECKUX
BEJIMYMH U 3aKOHOB Kypca puzuku 10-11
KJIACCOB
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OIMCAaTEILHOM,
CUCTEMATU3HUPYIOLIEH,
OOBSCHUTETHLHOU U
MIPOTHOCTUYECKOMN (yHKITUI
(bu3HYECcKOi TEOpHH, POJIb
(bu3MYECKON TEOpHUH B
(dbopMHUpoBaHUU
MPEICTABICHUN O PU3NYECKON
KapTUHE MUpPa, MECTO
(bu3MYECcKOi KapTHHBI MUpa B
00111eM psly COBPEMEHHBIX
€CTECTBEHHO-HAYYHBIX

MPE/ICTAaBICHU I
0 MpUpoJIe

Nroro no pazgeny 15

PesepBHOE Bpemst 10

OBIIIEE 170

KOJIMYECTBO

YACOBIIO

ITPOTPAMME
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YYEBHO-METOJINYECKOE OBECIIEYEHHUE OBPA3OBATEJIBHOI'O TIPOLECCA
OBA3ATEJIBHBIE YYEBHBIE MATEPHUAJIBI IVIS1 YYEHUKA

1. ®uzuka, 10 kacc 6a30BbIi U yrayoneHHbli kype/ Msikumes I'.5., Byxosues b.b., Cotckuii H.H. non pepakuueit
[TapdentreBoit H.A., AkunonepHoe obmectBo «M3narensctBo «IIpocBemenne» 2019

2. ®usuka, 11 kiacc 6a30BbIil 1 yriryosneHHsiid kype/ Msikuies I'.41., Byxosues b.b., Hapyrun B.M. nox pepakuuei
[TapdentneBoit H.A., Akunonepnoe obmectso «M3narensctBo «lIpocsemenne» 2020

METO/IUYECKHUE MATEPHUAJIBI JIJIS1 YUYUTEJIS

3. ®wusuka, 10 kmacc 6a30BbIit u yriayonennsiii kype/ Mskumes ['.., Byxosues b.b., Corckuit H.H. non penakuueit
[TapdentbeBoii H.A., AkunonepHoe o6mectBo «M3narensctBo «IIpocsenienue» 2019

4. dusuka, 11 knacc 6a3oBbiit U yriryonennsiii kype/ Msikumes I'.., byxosues b.b., Yapyrun B.M. ox pepakiuent
[TapdentbeBoii H.A., AkunonepHoe o6mectBo «M3narensctBo «IIpocsenienue» 2020

5. Coopnuk 3amau no gusuke cocraBurenb Crenanosa I.H. M. «IIpocsemenne» 1995roa.

6. ®usuka. 3amanuk. 10-11 xi.: mocobue nmnst obmeodpaszoar. yupexaenuii / A.Il. PeimkeBuy. M.: [Ipoda, 2009

7. CoOopuuk 3aga4 o ¢usuke. 10-11 kmaccer:mocodue nist 001eo0pa3oBar. yupexaeHuii: 6a30BbIid U Mpoib. Y poBHU/
H.A. TlapdentseBa. M.: [Ipocsemenne, 2012.

8. IlpumepHbie mporpaMmbl oO1eo0pazoBarenbHbIX yupexaeHuil: @usuka 10-11 k. M. «IIpocsemenne» 2009r.

9. YHuBepcasibHbIE TOYpOUYHbIe pa3padoTku 1o gusuke. 10 knacc.-M.:BAKO, 2006. (B moMoNIb MIKOJIbHOMY YUUTEIIO).

HNUP®POBBIE OGPA3OBATEJIBHBIE PECYPCBI U PECYPCbI CETH UHTEPHET
https://m.edsoo.ru/

http://school-collection.edu.ru/

https://resh.edu.ru/
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KPUTEPUHU OHEHUBAHUSA IPEJMETHBIX PE3YJIbTATOB

PGSYJ'II)TaTOM IMPOBCPKH YPOBHA YCBOCHUA yqe6Horo MaTtcpuaiia ABJIKACTCA OTMCTKA.

HpI/I OLCHKC 3H3HI/II>1, O6y‘{aI-OHII/IXC$I IMpCaIoIaracTcsA 06pau1aTL BHHUMAHHUC HA IIPABUJIbHOCTH, OCO3HAHHOCTD, JIOTHYHOCTDb

" 10Ka3aTCIbHOCTDb B U3JIOKCHHUHN MaTCpHala, TOUHOCTDb UCIIOJIb30BAHUA (bH?)PI‘ICCKOfI TCPMHUHOJIOTHUH, CaMOCTOATCIIBHOCTD

OTBCTA.

YCTHBIHA OTBET

Ouenka

Kpurtepun oneHnBaHus

«5»

OO6yuaronuiics:

- [loka3bIBaeT riay0oKoe 1 MOJTHOE 3HaHKE U IOHUMaHUE BCEro 00bEMa MporpaMMHOT0 MaTepuaa;
IIOJIHOE IIOHUMAaHKE CYIIIHOCTH PaCCMaTPUBAEMBbIX IMOHITUN, IBJIEHUN U 3aKOHOMEPHOCTEN, TEOPUH,
B3aUMOCBS3€EH;

- YMeeT cOCTaBUTh IOJIHBIM U NPAaBWIBHBINA OTBET HA OCHOBE M3YYEHHOI'O MaTEPHUAJIa; BBIACIATH [JIaBHbIE
MOJIO’KEHUS, CAMOCTOSITEIILHO MOATBEPK/1aTh OTBET KOHKPETHBIMU IIpUMEpaMu, (pakTamMu; CaMOCTOATEIbHO U
apryMEHTHPOBAHO JIeJaTh aHajIn3, 0000IIeHMs], BEIBOIBI. Y CTaHABIMBATh MEKIIPEIMETHBIE (Ha OCHOBE paHee
NPUOOPETEHHBIX 3HAHUW) U BHYTPUIIPEMETHBIE CBSI3U, TBOPUECKHU MPUMEHSTh MOJYyYEHHbIE 3HAHUS B
He3HakoMoM cutyanuu. [locienoBarenbHO, 4ETKO, CBSI3HO, 0OOCHOBAHHO M 0€30ITMOOYHO U3JIarath y4eOHBIN
MaTepHal; 1aBaTh OTBET B JJOTMYECKOM MOCIEI0BATEIBHOCTH C UCIIOJIH30BAHUEM MTPUHATON TEPMUHOJIOTUH;
JenaTh COOCTBEHHBIE BBIBOIbI; (DOPMYIMPOBATH TOYHOE OMPEIECTICHUE U UCTOJIKOBAHUE OCHOBHBIX MOHSTHHA,
3aKOHOB, TEOPHIi; PU OTBETE HE MOBTOPATH AOCIOBHO TEKCT YUEOHHUKA; U3JIaraTh MaTepHall IUTEPaTypPHbIM
A3BIKOM; MIPABWJIBHO U OOCTOSITEILHO OTBEYATh Ha IOMOJIHUTENbHBIE BOMPOCH] yunuTelss. CaMoCTOSTENBHO U
palMOHANBHO UCIIOJIb30BATh HATJIAIHbIE TOCOOUS, CIIPABOYHBIE MAaTepUaIbl, yU€OHUK, JOMOJTHUTEIbHYIO
JUTEpaTypy, NIEPBOUCTOUYHUKHU; IPUMEHSTH CUCTEMY YCIIOBHBIX 0003HAUECHUM MTPH BEICHUU 3aIuceil,
COIIPOBOXIAIOIINX OTBET; UCIOIB30BAHUE JIJIS I0KA3aTEIbCTBA BHIBOJOB U3 HAOIOICHUN U OIBITOB;

- CaMOCTOSITENTbHO, YBEPEHHO U O€30IIMO0YHO MPUMEHSIET MOJTyYeHHbIE 3HAHUSI B PEIICHUN IPoOsieM Ha
TBOPUYECKOM YPOBHE; JJOMYyCKaeT He 00Jiee OJHOTO HEA0UYETA, KOTOPBIH JIETKO UCIPABIIAET O TPEOOBAHUIO
YUUTENsI; IMEEeT He0OX0JMMbIe HABBIKU pabOThI ¢ MpHOOpaMu, YepTeKaMU, CXeMaMH U rpapuKamu,
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COIMMYTCTBYIOIMIMMH OTBCTY, 3aIllMCH, COITPOBOKAAOINC OTBCT, COOTBCTCTBYIOT Tp€6OBaHI/I$IM

«“4»

OOyuaromuics:

- [Toka3bIBaeT 3HaHUS BCETO M3YYEHHOTO0 IPOTrpaMMHOro MaTepuania. JJaét nmoaHbIil ¥ TpaBUIIbHBIA OTBET
Ha OCHOBE M3yUYCHHBIX TEOPHI; HE3HAYNTEIbHBIC OMMMOKHN M HETOYETHI TIPH BOCTIPOU3BEICHUN NU3yUYEHHOTO
MaTtepuasa, OnpeaesICHUs TOHATUN J1ajl HEeMOJIHbIC, HEOOIBIITNE HETOYHOCTH IIPU UCIOJIb30BAHUHN HAYUHBIX
TEPMUHOB WIH B BBIBOJIaX U 000OIICHUAX U3 HAOIIOACHUHN 1 ONIBITOB; MaTepral U3JiaraeT B ONpeeIeHHON
JIOTUYECKOM MOCIE0BATENBHOCTH, IPH 3TOM JOIYCKAET OJHY HErpyOyro OIIMOKY WM HE OoJiee ABYX
HEJI0YETOB M MOXKET X UCIPABUTH CAMOCTOATENIBHO MPU TPEOOBAHUU WK MPU HEOOJIBIION MTOMOIIN
npenojaBatesis; B OCHOBHOM YCBOMWJI YUEOHBIN MaTepuai; MOATBEPKAAET OTBET KOHKPETHBIMU ITPUMEPAMU;
MPAaBUJIBHO OTBEUYAET HA JIOMOJTHUTEIBHBIE BOIIPOCHl YUUTENS.

- YMeeT caMOCTOSITENIbHO BBIIEIATh IJIaBHBIE MTOJIOKEHHS B MU3YUYEHHOM MaTepHalie; Ha OCHOBAaHUU
(dbakToB U MPUMEPOB 000OIIATH, JA€NIaTh BHIBObI, YCTAHABIMBATH BHYTPUIIPEIMETHBIEC CBS3U. [[puMeHsTh
MOJIYYCHHBIC 3HAHUS Ha MPAKTUKE B BUIOM3MEHEHHOW CUTYyAIUH, COOTIOaTh OCHOBHBIE TIPABUIIA KYJIbTYPhI
YCTHOU pEYH U CONPOBOKIAAOIIEN MMCbMEHHOM, UCI0JIb30BaTh HAYYHbIE TEPMUHBL;

- B 0CHOBHOM ITpaBWJIBHO JIJaHbI OMPEACIICHHS TOHATUN U UCTIOJIb30BaHbl HAYYHbIE TEPMUHBI

1. - OTBET CaMOCTOSATEILHBIMN;

2. Hanuuune HeToyHOCTEHN B M3JI0KEHUH (PU3UYECKOTO MaTepuaia,

3. OmnpeneneHus MOHATUI HEMOJIHBIC, TOMYIICHBI HE3HAYNTENbHBIC HAPYIICHUS MOCIEA0BATEILHOCTH
W3JI0KEHUsI, HEOOJbIITNE HETOYHOCTH TIPU UCIIOJIH30BaHUN HayYHBIX TEPMUHOB WJIM B BEIBOJAX M O0OOOIICHUSX;

4, CBsi3HOE U MOCIIEI0OBATEILHOE U3JI0KEHHE; TIPU TTIOMOIIA HABOJISIIIINX BOMPOCOB YUUTES
BOCIIOJTHSIFOTCS C/IeJIaHHbIE TTPOMYCKU;

5. Hanuune KOHKpETHBIX MPEICTABICHUHN U AJIEMEHTAPHBIX PealIbHbIX MOHATUN N3ydaeMbIX
(bu3NYECKUX SBJICHUI;

6. [TornmaHue OCHOBHBIX (PU3NUECKHUX 3aKOHOB;

[Tpu pemennn Gu3MvecKUx 3a7a4 CeIaHbl BTOPOCTETICHHBIE ONHUOKH.

«3»

OOyuaromuiics:
Y CcBOMII OCHOBHOE COJIEpKaHHUE y4eOHOTO MaTepralia, IMEeT MPOOeIbl B yCBOSHUH MaTepualia, He
NPESTCTBYIONIKE JAITBHEHINIEMY YCBOCHHUIO MPOrPAMMHOT'0 MaTepraa,
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2. Matepuan u3naraeT HeCUCTEMaTH3UPOBAaHHO, (PparMeHTapHO, HE BCETa MOCIIeI0BATEILHO;

3. [Toka3bIBaeT HEIOCTATOUYHYIO COPMUPOBAHHOCTH OTACIBHBIX 3HAHUN M YMEHUI; BBIBOJIBI U
0000IIIEHUS apTyMEHTUPYET ¢J1a00, JOMYCKAeT B HUX OIIHOKHU.

4. JlomyCTHIT OIIMOKU ¥ HETOYHOCTH B UCITOJIb30BAHUN HAYYHOW TEPMHUHOJIOTHH, OTIPEACIICHUS TIOHATHN
JlaJ1 HeIOCTATOYHO YETKHE;

5. He ucnonib30Ball B Ka4eCTBE JJOKAa3aTEIbCTBA BBIBOABI U 0000IICHUS U3 HAOII0AeHUH, (DaKTOB, OTILITOB

WJIM TOTTYCTHJT OIIMOKY TPU WX W3JI0KEHUU;

6. VicribIThIBaCT 3aTpyAHEHUS B IPUMEHEHUY 3HAHUH, HEOOXOAMMBIX JJIS PEIICHHS 3a7a9 Pa3TnIHBIX
THUIIOB, IPH OOBSICHEHUU KOHKPETHBIX SBJICHUN HA OCHOBE TEOPHH M 3aKOHOB, MJIA B IMTOATBEPKICHUN
KOHKPETHBIX PUMEPOB MPAKTHICCKOTO IPUMEHEHUS TEOPHIA;

7. OTBe4aeT HEMoJHO Ha BOMPOCH! yuuTens (yImycKas i OCHOBHOE), WJIM BOCIIPOU3BOIUT COACPIKAHNE
TeKCTa y4eOHHMKA, HO HEJJOCTATOYHO MOHUMAET OT/IETbHBIC MOJIOKEHUS, UMEIOIINE BAXKHOE 3HAUYECHUE B 3TOM
TEKCTE;

8. OOHapyXMBaeT HEAOCTATOYHOE TOHUMAHUE OT/ICIBHBIX MOJIOKEHU I MPU BOCITPOU3BEICHUHU TEKCTA
ydeOHUKa (3amucel, IepBOUCTOYHUKOB) WJIM OTBEUAET HEMOJIHO Ha BOMPOCHI YUUTEIIS, JOIMYCKasi OJTHY-/IBE
rpyoObIe OIMOKH.

9. Cnaboe 3HaHue (HU3NIECKON HOMEHKJIATYPbI, OTCYTCTBUE MPAKTUUECKUX HABBIKOB PA0OTHI B 00JIaCTH
bu3uKKN (HEyMEHUE M0JIb30BaAThCS MPUOOPAMHU U T.1I.);

10. ToabKO ITpU OMOIITH HABOISIINX BOTIPOCOB YUYCHHK YJIaBIUBaeT (HDU3UICCKUE CBS3H.

2»

OO6yuaronuiics:

1. He ycBowII 1 HE pacKpbII OCHOBHOE COJICpP)KaHKME MaTeprala;

2. He nenaet BBIBOIOB 11 000OOIIIEHHHA.

3. He 3HaeT u He MOHMMAET 3HAYUTEIBHYIO HJIM OCHOBHYIO YacTh MPOTPAMMHOT'O MaTepHuaa B
mpeesiax moCTaBICHHBIX BOIIPOCOB;

4, Nmeet cnabo chopMupoBaHHBIE U HETOJIHBIC 3HAHUS U HE YMEET MPUMEHSATh UX K PEIICHUIO
KOHKPETHBIX BOIIPOCOB U 33/1a4 TI0 00pasILy;

d. [Tpu oTBeTe (Ha OIMH BOIIPOC) JOMYCKAET 00Jiee IBYX IPyObIX OMMOOK, KOTOPHIE HE MOXKET

HNCIIPAaBUTb JAKC ITPU IMTOMOIIN YIUTCIIA.
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NmeroTcst TpyOble OIMOKH B HCTIOJIB30BAHUM KapThI.

«1» OOGyuaronuiics:
1. He MoeT 0TBETUTH HU Ha OJIMH M3 ITOCTABJICHHBIX BOIIPOCOB.
2. [ToTHOCTBIO HE YCBOMII MaTEpHall.

IIpumevanue. [1o OKOHYAHNH YCTHOTO OTBETA 00YYAIOLIErOCs MeJaroromM 1a€rcs KpaTKuil aHaIu3 OTBETA, OOBSBIISIETCS
MOTHBHMPOBaHHasl OLlEHKA. BO3MO)KHO IpUBII€YEHNE APYTUX 00YUYarOIMXCs AJIs aHAJIM3a OTBETA, CaMOaHaIN3, IIPEII0KEHUE

OLICHKH.

OHeHKa CAaMOCTOATECJIbHBIX IMCbMEHHBIX 1 KOHTPOJIbHBIX paﬁoT

Ounenka

Kpurepuu ouneHuBanus

«5»

OO6yuaronuiics:
- BBITMIOJIHUWJI paboTy 0€3 OITMOOK 1 HEJIOUYETOB,;
- omyCcTHII He 0oJiee OJTHOTO HEeJJoUeTa.

«“4»

Y4eHHK BBITTOJIHUAI paOOTy MOJTHOCTHIO, HO JOITYCTHII B HEH:
- He 0oJj1ee OJTHOM HEerpyOOi OITMOKHA M OJTHOTO HEJI0YETa,;
- He OoJiee IByX HEJI0YETOB.

«3»

O6y‘—IaIOH_II/II\/JIC$I IMpaBUJIbHO BBIIOJIHKWI HC MCHCC I10JIOBHUHBI pa6OTBI WJIK JOITyCTHII:

- He OoJsiee ABYX rpyObIX OommrboK

- He OoJsiee oIHOM rpyOoi, 0THOM HETpyOO OITMOKH M OJTHOTO HEeJl04YeTa

- He OoJiee ABYX-TpeX HErpyObIX OMMOOK

- He OoJsiee 0IHOM HEeTpyOOoii OITMOKH U TPEX HEJ0YETOB

Wnum ipu 0TCYTCTBUM OMTMOOK, HO TIPH HATMYUH YETHIPEX -TIATH HEJIOUCTOB.

«2»

OOyuaromuiics:

- TOTTYCTHJI YMCIIO OITUOOK ¥ HEIOYETOB, MTPEBOCXOAIIEE HOPMY, ITPU KOTOPOIl MOKET OBITH BHICTABIICHA
OIleHKa «3»;

- CCJIM ITPAaBUJIbHO BBITOJIHWUII MCHCC ITOJIOBHHBI pa6OTBI.
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«1» OOGyuaronuiics:
- HE TIPUCTYIIAJI K BBITIOJIHEHUIO PabOTHI;
- MPAaBUJILHO BBIMOJHUI He Oosiee 10 % Bcex 3amaHuid.

IIpumeuanmue.

1. Yaurens uMeeT mpaBo MOCTaBUTH 00YYaOIIEMyCsl OIEHKY BBIIIE TOH, KOTOpas MPEeIyCMOTPEeHa HOPMaMH, €CIIN
00yJaroIuMcsi OpUTUHAIBHO BBITIOJIHEHA paboTa.

2. OneHKH ¢ aHAJIM30M JIOBOSITCS IO CBEJICHUS 00yUaIONMXcs, KaK MpaBuilo, Ha MOCIEIYIOIMEM yPOKe,
npeaycMaTpuBaeTcs: paboTa HaJl OIIMOKaMH, YCTpaHEHHE MPOoOesoB.

Kpurepuu BoicTaB/IeHHS OLIEHOK 32 NIPOBEPOYHbIE TECThI

KosauyecTBo Bpemsn Kpurepuu oueHuBaHus
BOIIPOCOB B TecTe BBIIIOJIHEHUS
10 BompocoB 10 — 15 munyT «5» - 10 npaBUIBHBIX OTBETOB

«4» - 7 — 9 npaBUIBLHBIX OTBETOB
«3» - 5 — 6 NpaBUIIBLHBIX OTBETOB
«2» - MEHEE S5 TIPaBUIILHBIX OTBETOB

20 BompocoB 20-30 MuHyT «5» - 18 — 20 mpaBUIIbHBIX OTBETOB
«4» - 14 — 17 npaBUIbHBIX OTBETOB
«3» - 10 — 13 nmpaBUIHHBIX OTBETOB
«2» - meHee 10 npaBUIBLHBIX OTBETOB

30 BonipocoB 30 — 40 muHyT «5» - 27 — 30 npaBUJIBHBIX OTBETOB
«y» - 22 — 26 IpaBUIIBLHBIX OTBETOB
«3» - 15— 21 npaBUIBHBIX OTBETOB
«2» - MeHee 15 mpaBWIBHBIX OTBETOB

OueHka KayecTBa BbINOJHEHNS NMPAKTHYECKUX U CAMOCTOSITEJILHBIX padoT o pusunke



Ounenka

Kpurtepuu oneHuBanus

«5»

[IpakTrueckast Wi CaMOCTOSITENIbHASI pa00Ta BBIITOJIHEHA B IIOJTHOM 00BEME C COONIIOICHUEM
HE0OX0MMOM TocienoBaTeIbHOCTH. O0ydaromuecs paboTaid MOJTHOCTHIO CAMOCTOSITEIHHO: TOA00paH
HEOOXOMMBIE JJIs BBITIOTHEHHS PEAJIaraéMbIX pabOT HCTOYHUKH 3HAHUH, TOKa3aIu HEOOXOAUMBIE JITIs
MIPOBEJICHUS MPAKTUYECKUX U CAMOCTOSTENIbHBIX Pa0OT TEOpETUIECKUE 3HAHUSI, TPAKTUIECKIE YMEHUS U
HaBBIKH.

Pabota oopmiieHa akKkypaTHO, B ONITUMAIBHOM 1J1s1 PUKCALUMU PE3yiabTaToB (opMe.

dopma QuKcauy MaTepruaioB MOKET ObITh NMPEAJIOKEHA YUUTENIEM WM BbIOpaHa CaMUMHU
00yJaroImMUMHUCH.

«“4»

[IpakTHyeckast UM CaMOCTOSITENbHAs padoTa BHINOJIHEHA 00YyYalOIMMUCS B IOJTHOM 00beME U
CaMOCTOSITENIbHO.

JlommyckaeTcsi OTKIIOHEHHE OT HEOOXOIUMOM MOCIIE0BATEIFHOCTH BHITIOIHEHUS, HE BIHSIOICE Ha
MPaBUJIBHOCTh KOHEYHOTO pe3yibTaTa (epecTaHOBKA MMyHKTOB TUITOBOTO IJIaHa MPHU XapaKTEPUCTUKE
OTJENbHBIX TEPPUTOPUI WU CTPaAH | T.1.).

Hcnonb30BaHbl yKa3aHHBIE YIUTEIEM UCTOYHUKHU 3HAHUH, BKIIIOYAs CTPAHMIIBI aTiiaca, TAaOJIUIIbl U3
NPUWIOKEHUS K Y4eOHUKY, CTPAaHUIbI U3 CTATUCTHYECKUX COOpHUKOB. PaboTa mokasaia 3HaHHE OCHOBHOTO
TEOPETUIECKOT0 MaTepuasa 1 OBJIaICHUE YMEHUSIMHU, HEOOXOAUMBIMU JIJISi CAMOCTOSITEITEHOTO BBITIOJIHEHUS
paboTHI.

JlomyCKaroTCss HETOYHOCTH M HEOPEKHOCTHh B OPOPMIICHUH PE3yJIbTATOB pabOTHI.

«3»

[IpakTruueckasi paboTa BbIMOTHEHA U 0(hOPMIICHA 00YUAIOITUMUCS C TIOMOIIBIO YIUTEIS HIIA XOPOIIIO
MOJIFOTOBJICHHBIX U YK€ BBIIOJHUBIIUX Ha "OTJIMYHO" TaHHYIO paboTy oOyuaroniuxcs. Ha BeinonHenue
paboThI 3aTPaveHO MHOTO BpeMEHU (MOXKHO 1aTh BO3MOKHOCTB JI0JIeaTh padoTy goma). O0yuaromuecs
MOKa3aJIi 3HaHMs TEOPETUIECKOTO MaTepralia, HO UCTIBITHIBAIIN 3aTPYIHEHHSI IPU CAMOCTOSITENTLHOM paboTe ¢
npudopamMu, CTATUCTUYECKUMH MaTepuanaMu, GU3N4eCKUMU HHCTPYMEHTAMH.

2»

BricTaBnsieTcs B ToM ciIy4dac, Koraga 06yqa101111/16c;1 OKa3aJIMCh HC NTOATIOTOBJICHHBIMHU K BBIITOJTHEHUIO
ATOM pa6OTI>I. HOHY‘IGHHBI@ PE3YIbTAThI HE IMMO3BOJIAIOT CACIATh IIPABUIIbHBIX BEIBOAOB M IMOJIHOCTBIO
pacxondaTcs C MMOCTaBJICHHOH LICJIBIO. O6H3py>K€HO IJI0X0C 3HAHNUC TCOPCTHUICCKOI0O MaTCpraia U OTCYTCTBHC
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HEO0OXOAUMBIX YMEHHU. PYKOBOJICTBO ¥ MOMOII[H CO CTOPOHBI YUUTEINSI K XOPOIIO MOATOTOBICHHBIX
oOy4aronuxcst Hed(PPEKTUBHBI W3-3a TUIOXOW MOATOTOBKU YYaIIErOCs.

Oo0mas knaccupuxkanus ommdoOK

[Ipu oLieHKe 3HAaHU, YMEHUI 1 HABBIKOB O0YYaIOIIMXCA CIAEAYET YUUThIBATh BCe OIIMOKU (TpyObie U HErpyObie) U
HEJIOYETHI.

I'pyObIMM cUHUTAIOTCS CIIEYIOUIUE OIINOKHU:

1) He3HaHME OMNpe/eeHNsS OCHOBHBIX MTOHSATUM, 3aKOHOB, MPABUJI, OCHOBHBIX MOJIOKEHUM TE€OPUH, HE3HAHUE (PopMyT,
OOIIETPUHATHIX CUMBOJIOB 0003HAYCHUI BEIMYUH, SUHUI] UX U3MEPECHMUS;

2) HE3HaHNE HAUMEHOBAHUY €UHULl U3MEPEHNS;

3) HeyMeHHE BBIACIUTh B OTBETE I1aBHOE;

4) HeyMeHUE IPUMEHSTh 3HAHUS /I PEIICHHS 3a71a4 U OObSICHEHHUS SIBJICHUM;

5) HEyMeHHME eNaTh BEIBOABI U 0000IICHMS;

6) HEyMEHHUE YUTATh U CTPOUTH IPAPUKUA U IPUHITUTTUATILHBIE CXEMBI;

7) HEyMEHHE TTOArOTOBUTh YCTAHOBKY WJIH JIAOOpaTOpHOE 000pYAOBaHUE, TPOBECTH OIBIT, HAOIIOJEHHUS, HEOOXOIUMbIC
pacueThl WIK UCI0JIb30BaTh MOJYYCHHBIE JaHHBIC /1JIS BHIBOJIOB;

8) HeyMEeHHeE MO0JIb30BaTHCS IEPBOMCTOYHUKAMH, YUEOHUKOM U CITPAaBOYHUKAMU;

9) HapyIIeHre TEXHUKU OE301TaCHOCTH;

10) HeOpexxHOE OTHOLIIEHHE K 000pyA0BaHUI0, MpUOOpaM, MaTeprasiaM.

K Herpy0bIM ombkam cieyeT OTHECTH:

1) HETOUHOCTH (POPMYITUPOBOK, OMPEICTICHUM, TIOHSITHH, 3aKOHOB, TEOPUIA, BHI3BAHHAS HEMTOJTHOTONW OXBaTa OCHOBHBIX
MIPU3HAKOB OIMPEAEIIEMOro MOHITHUS WU 3aMEHOM OJTHOTO-/IBYX M3 3TUX NMPU3HAKOB BTOPOCTENIEHHBIMU;

2) omuOKY MpU CHATUM TTOKA3aHUHN C U3MEPUTEIBHBIX IPUOOPOB, HE CBSI3aHHBIE C ONPEICIICHUEM IICHBI ACJICHUS ITKAJTbI
(HampuMmep, 3aBUCSIIHNE OT PACIIOIOKEHUS U3MEPHUTEILHBIX MPUOOPOB, ONITUUECKHUE U JIP. );

3) omnOKu, BhI3BaHHBIE HECOOIIOIEHNEM YCIOBHIA MMPOBEIEHUS OTIbITa, HAOMIOIEHUS, YCIOBHM paboThl mpudopa,
000pyIOBAHUS;
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4) omMOKHU B YCIOBHBIX 0003HAYEHUSX HA MPUHIUITMATIBHBIX CXeMaX, HETOYHOCTh Ipaduka (Hanpumep, U3BMEHEHHUE yIiia
HaKJIOHA) U Jp.;

5) HepallMOHAJIbHBIN METO]T PEIICHUS 33Ja41 UM HEJOCTATOYHO PO yMaHHbIH IJIaH YCTHOTO OTBETA (HapyIIeHHE
JIOTUKH, TIOMEHA OTJIEIbHBIX OCHOBHBIX BOIIPOCOB BTOPOCTEIICHHBIMHU );

6) HepallMOHAJIbHBIE METO/IbI pabOTHI CO CIIPABOYHON U APYTrOW JIUTEPATYPOU;

7) HEyMEHHE pelIaTh 3a/1auu, BBITIOIHATh 3aaHus B OOIIIEM BHJIE.

Henpouerammu sIBISIOTCS:

1) HepalMOHAJIbHBIEC IPUEMbI BBIYMCIICHUNA U IPe0Opa30BaHMUM, BBITIOJIHEHUSI ONIBITOB, HAOJIIOACHUHN, 3aTaHIH;

2) OIMMOKH B BRIYUCIICHHUSX

3) HeOpe)KHOE BBINOJHEHUE 3aMKUCEN, YEPTEKEN, CXEM, TPaUKOB;

4) opdorpaduyueckre U MyHKTyalluOHHbIE OIIMOKHU.

OnHUM U3 BOXKHEHIINX pe3yJIbTaTOB O0y4YeHUs (PU3HKE SIBISCTCS peuleHue KaueCmeeHHbIX U pacuemuvlx 3aoay. Bce
3a/lauyu TPEJCTABISAIOT COOOW 3a/laHUsC PA3BEPHYTHIM OTBETOM, B KOTOPOM PEKOMEHIYETCs OLIEHUBATh HE TOJIBKO
MPaBUJIBHOCTH XOJIa PEIICHUSI U OTBETA, HO U CBSI3HOCTh U TPAMOTHOCTbH MMUCbMEHHOM peun. PenieHns KaueCTBEHHBIX 3a/1a4
MIPEACTABIISIIOT COOOM PACCYKIEHUS, COCTOSIINEN3 Psifia CBA3aHHBIX JAPYT C APYTOM MPUUUHHO-CIICICTBEHHBIMU CBS3IMU
YTBEPKJICHUM, KOTOPbIE TTOJIKPETUIAIOTCS CChIIIKAMH Ha CBOWCTBA SIBICHUM, POPMYIIbIN 3aKOHBI. Pellienne pacueTHbIX 3a71a4 —
TaK)K€ 3aIUCh JIOTUYECKU CBSI3aHHBIX YTBEPXKIICHUI, HO TPEICTABIEHHBIX B BUIE€ (POPMYII, MATEMaTUYECKUXITPEOOPa30OBAHUM U
BBIYMCIICHUU.

JI7151 TOTHOTHI OIEHKU YMEHHUS peliaTh KaueCTBEHHBIE 3a/1a4l HE0OXO0IMM OXBAaTBCEX UX TUTOB. Cpelin Ka4eCTBEHHBIX
3a/1a4 ¢ TOYKU 3PEHUS CIIOCOOOB PEIICHUS BBIJCSIOT IBPUCTUUYECKHUE U Tpaduyeckue. B mepBoM ciiyyae OTBET Ha 3a7a4y
MPEJICTABIIET COOOM MOCTAHOBKY M pa3pelleHre psijia B3aMMHO CBSI3aHHBIX KAYECTBEHHBIX BOIPOCOB C OMOPOM HA M3YUYCHHBIC
3aKOHBI U (hOPMYJIbI, CBOMCTBA siBJICHUI. Bo BTOpOM — mostydeHue 0TBeTa B MPOLIECCEe UCCIICIOBaHMS, TIPEAJIaraéMoroB yCIOBUU
3ajauu rpaduka, cCXxeMbl WU PUCYHKA

B wmeronuke oOydeHust ¢u3MKe €CTh OOIIETPUHATHIM TUIaH penIeHus
pacuemnpix 3a0a4, KOTOPbIA BKIIOYAET CIICTYIOLIUE JIIEMEHTHI:

1) Pabota ¢ ycinoBueM 3aaun: 3anuck «JlaHoy, BKIIO4ast JaHHBIC U3 YCIOBHS 3aJIa4d U CIIPABOYHBIC BETMYNHBI,
HEOOXOAUMBIC JIJISl PEIICHUS 3a/1a9H.
2) ObocHoBaHMe PU3NUECKON MOJIETH: MPECTABICHNE PUCYHKA, €CIIU 3TO HEOOXOAMUMO JJIsi TOHUMaHUS
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(I)I/IBI/I‘IGCKOI‘/’I CUTyallun, YKa3aHHUC Ha TO, KAKHUCABIICHUA WU IIPOUCCCHI PACCMATPHUBAIOTCA, KAKUC 3aKOHOMCPHOCTH MOKHO
HCIIOJIB30BATh HJISI PCIICHHA 3ad9U U 4YCM MOKHO Hp€H€6pe‘H), YTOOBI CUuTyalu:a OTBCUaJIad BLI6paHHOﬁ MOACIIN.

3) 3anuck BceX HEOOXOIUMBIX JIJIs PEIICHU 33]]Ja4H 3aKOHOB U (POPMYII.
4) [IpoBeaeHne MmaTeMaTHUYECKUX MPeoOpa3oBaHUM U pacuETOB, TIOJyUYEHHE OTBETA.
5) [IpoBepka oTBeTa OAHUM U3 BHIOPAHHBIX CTIOCOOOB.

B 0CHOBHOI#1 IKOJIE B COOTBETCTBHH C TIAHUPYEMBIMU pe3yJIbTaTaMU MpeajiaraloTcs pacyeTHble 3aaaun. X MoKHO
PEIINTh «II0 JACUCTBUAM» B 7 KIJIACCEW OMUPAsCh HA CUCTEMY ypaBHEHMH B 8 1 9 Kiaccax.

[Tpu sToM TpebyeTcst chopMupoBaTH BECh MEPEUCHb YMEHMI B COOTBETCTBUUC TNIAHOM pereHus 3aaa4un: «Ha ocHoe
aHaJIM3a yCIOBUS 3a/Ia4M 3alHChIBaTh KPATKOE YCIOBUE, BRISBIATH HEAOCTAIONINE W N30BITOUHBIE JaHHBIC, BRIONPATh 3aKOHBI
1 hopMyITbl, HEOOXOTUMBIE JUIS PEIICHNUS, IPOBOIUTH PACUETHI U OLIEHUBATH PEATMCTUYHOCTH MOTYYEHHOTO 3HAUCHHUS
(hbU3UYeCKON BETUUUHBI.

Pemenne pacyeTHOW 3amayM OICHMBAETCA 1O MHCHbMEHHOMY OTBeTy. Kak mpaBuiio, Bce MyHKTHI, KpOME
000CHOBaHUSI MOJICNIU, BXOJISIT B MUChbMEHHOEPEIIICHNUE U 00s13aTEIHHO TPEOYIOTCS OT 00YyJaroNuXcsl MPU PEIICHUH JIFOOBIX 3a/1a4.
A anHanu3 yclioBuUs 3aJ1auM, BIOOP MOJENN U HEOOXOAUMBIX YpaBHEHUN 0OBIYHO MPOroBapUBaeTcs TOJIbKO ycTHO. [Ipu a3Tom npu
MOBTOPEHUH OJHOTHUIHBIX 33/1a4 €r0 MHOTOKPAaTHO HE 03BYYMBAIOT, U y 00yYalOIINXCsl HE BRIpAOaThIBAETCsl YMEHHE IPOBOAUTD
MOJIHBIN aHaMU3 (PU3UUECKUX MPOIIECCOB M 0OOCHOBBIBATH BHIOOP 3aKOHOBU (hopmyd. [loaTomy 1iist TEKyIIETro OlleHUBaHUS
11€J1eC000Pa3HO U ATOT MYHKT BKJIIOYATh B MUCbMEHHBIA OTBET XOTs Obl B BUE HEOOJIBIINX KOMMEHTAPHUEB.

TpeboBanuii kK 00513aTeIBHON MPOBEPKE OTBETA (HAIIPUMED, C YUETOM MTPOBEPKUETUHUL] U3MEPEHHUS BETUUHH) B
MUCHMEHHOM peleHuH He TpeOyeTcst. OHaKO 3TOT Tl Hellb3s MPOIMYCKaTh, M B TEKYIIIEM OIEHUBAHUHU TPEeOOBATh XOTS OBl
YCTHOTO aHAJIM3a OTBETA C TOUKH 3PEHUS PeaTMCTUYHOCTH MOTyUYeHHOW BETUYHHBI.

B yueOHOM mpoliecce OlleHMBaHKE BBIMOJIHEHUSI 00ydarouuMuUCs 1a00paTOPHBIX paboT CKIaAbIBaeTCs U3 ABYX
COCTaBIISOIIHX:

— COOCTBEHHBIX HAOIIOJEHUHN YUUTENS 32 XOJOM PadOThI;

— MPOBEPKH 3aIIOJIHEHUSI TUCBbMEHHOI0 OTYETa 0 JabopaTopHOil paboTe.
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B pamkax HaOnr0A€eHNS 32 XOA0M pabOThI OLICHUBAIOTCS MTPOLIEAYPHbIE YMEHHUS: COOpKa dKCIIEPUMEHTAIBHON YCTaHOBKH,
coOJII0ICHHE TJIaHA [TPOBEICHUS U3MEPEHUSONIBITA, IPABUIIBHOCTh CHATHS [TOKA3aHUN N3MEPUTENBHBIX IPUOOPOB, COOII0OICHUE
npaBwil Oe30macHoro Tpyaa mnpu padore ¢ jaboparopHbIM oOopynoBaHueM. Kak nmpaBuio, mpu GppOHTaIbHOM BBIIIOJIHEHUN
71a00paTOpHON pabOThl YUUTEIh MOKETIIMIIEL (PUKCUPOBATH T€ HEJOUETHI B IEATEIBHOCTH 00yUaIOLUIMXCs, KOTOPBIE 3aT€M BIUSIOT Ha
OLIeHKY paboThl. KpoMe 3THX mpeIMeTHBIX YMEHUH 11e1ec000pa3HO MPOBOAUTH OIICHKY PErYISITUBHBIX YHUBEPCAIBHBIX yUSOHBIX
NEeNCTBUN (ITaHUPOBAaHKUE PAa0OTHI, CIIEOBAHUE TUIAHY U KOPPEKLUS ACHUCTBUM U T. I1.), @ TAK)KE KOMMYHUKATUBHBIX YMEHHUI B 4YaCTH
MEXIIMYHOCTHOTO OOIIEHNUS, IOCKOJIBKY J1JaOOpaTOpHbIe paboThl, KaK MPABUJIO, BBIMOIHAIOTCS B apax. 31€Ch MOXKHO 00palaTh
BHUMAaHHE Ha OCOOCHHOCTH BOBHUKHOBEHUSI KOH(IIMKTOB U MX pa3pelieHre, KOPPEKTHOCTh OOLIEHUSI 00yYarouUXCs APYT € APYTOM.

B nucbMEHHOM OTYETE OCHOBHBIE 3JIEMEHTHI OLEHUBAHMS — 3TO PHUCYHOK WJIM OMMCAaHUE SKCIEPUMEHTAJIbHON YCTAaHOBKH,
3aMUCh MPSMBIX U3MEPEHUN C Y4ETOMAOCOIIOTHON OTPEIIHOCTH, TpaduK, €CIU OH NMPEAYyCMOTPEH XapaKTepoM padoThl, U
(GopMyIMpoBKa BBIBOJA MO pe3ybTaTaM ONBITOB. Takum 00pa3oM, UTOrOBast OTMETKAa 3@ BBIIIOJIHEHUE 1abopaTopHOi
paboThI CKJIa/IBIBAETCS U3 PE3YyJIbTATOB HAOIIOIEHUH 32 IPOLIECCOM €€ BBIMOJIHEHMS], & TAKKE OLEHKU MMCbMEHHOTO OTYETA, B
KOTOPOM JIOJKHBI OBbITh NPEACTABIIECHBI JaHHBIE U3MEPEHUM U CIEJIaHbl BHIBOJIBI.

Ecnu B oLIeHOUHOH mpolenype UCHOIb3YETCsl IKCIEPUMEHTAIBHOE 3a/laHue Ha peallbHOM 000py/10BaHUH, TO OLIEHKE
HOJIJIEKUT TOJBKO MUCbMEHHBIN OTYET 00YYarOIIErocs O X0/1€ U pe3yJIbTaTax BhINOJIHEHUS 3a1aHus. [103ToMy UMEHHO MOJTy4YeHHBIH
00y4aroIMMuUCs pe3yabTaT U3MEPEHUH CITYy>)KUT OCHOBHBIM KPUTEPHUEM MPABUIIBHOCTHU BBITIOJHEHUS 3aJaHMSL.
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