MpunoxeHne 12

B depepanbHbIX M pervoHanbHbIX NpoLeaypax OLEHKM kadecTBa obpasoBaHWsA MCMNONb3yeTcst
nepeyveHb (KoaMdukaTop) pacnpefenieHHbIX Mo Krnaccam npoBepsieMbix TpeboBaHUM K pesynbTaram
OCBOEHUS OCHOBHOM 0Opa3oBaTenbHOW MNporpaMmmbl CpegHero obwero obpas3oBaHuMs U 3MEMEHTOB
coaepxaHus no usmke.

Tabnuua 14
[MpoBepsemblie TpeboBaHUs K pe3ynbTataM OCBOEHUS OCHOBHOM
obpasoBartenbHon nporpammel 10 (knacc)
Koa MpoBepsaembie npegMeTHbIE pe3ynbTaTbl OCBOEHMS OCHOBHOM 0Bpa3oBaTenbHOM
npoBepsAemMoro nporpamMmmbl cpegHero obuiero obpasoBaHus
pesynbTtata
10.1 [emoHCcTpupoBaTb Ha npuMmepax pofib U MecTo u3mkn B opMmnpoBaHUn

COBPEMEHHOW Hay4YHOW KapTWHbl MUpPA, B PasBUTUM COBPEMEHHOW TEXHUKM W
TEXHOMOrnM, B NPaKTU4ECKON OeATENBHOCTM Noaen

10.2 YuntbiBaTb  rpaHuUbl  MPUMEHEHUS  U3YYeHHbIX  (PU3NYECKMX  MoAeneil:
maTepuanbHas Toyka, MHepuManbHasi cucTteMa oTcuyeTa, abConioTHO TBepaoe
TEno, waeanbHbl ras; MoAenn CTPOEHUs ra3oB, KUAOKOCTEN M TBepAdblX Terl,
TOYEYHbIN 3MEeKTPUYECKUNiA 3apsg, - NPU pelleHnn usnyYecknx 3agad

10.3 PacnosHaBaTb (pusnyeckne aBneHus (npoueccbl) U OBbACHATbL MX Ha OCHOBE
3aKOHOB MEXaHWKM, MONEKYNAPHO-KMHETUYECKON TeOpUM CTPOEHUS BellecTBa U
SMeKTPOAVHAMUKW:  pPaBHOMEPHOE U PaBHOYCKOPEHHOEe  MPAMONMHEeNHoe
ABWXeHne, cBobogHoe nageHue Ten, OBWKEHUEe M0 OKPYXHOCTU, WHepLus,
B3avmMopgevicTeme Ten; anddyansi, 6GpoyHoBCKOE ABUXKEHNE, CTPOEHMWE XMOKOCTEeN
W TBepAdblX Ten, M3MeHeHne obbema Ten Mpu HarpeBaHWu (OXNaxaeHwm),
TEnnoBoe paBHOBECUE, NCMapeHne, KoHAeHcauns, nnasneHne, KpuctTannusaums,
KMneHue, BNaXKHOCTb BO34yXa, NOBbILLEHWE JABMNEHNS ra3a npun ero HarpeBaHun B
3aKpbITOM cocyde, CBA3b Mexay napaMmeTpamm COCTOSIHUS rasa B u3onpoueccax;
anekTpmM3auus Ten, B3aumMogencTene 3apsaos

10.4 OnucbiBaTb MexaHU4eckoe [OBWXKEHME, WCNOSb3ysi (U3NYECKNE BEMUYMHBI:
KOOpAMHaTa, NyTb, NepeMelleHne, CKOpPOCTb, YCKOpPEHue, macca Tena, cuna,
UMNynbC Tena, KUHeETUYEeCKasl SHePrusi, MOTEHUMAaNbHas SHEPrs, MexaHnyeckas
paboTa, MexaHuMdeckasl MOLUHOCTb, MpX OMMUCaHUU MNpPaBUIIbHO TPaKTOBaTb
PU3NYECKUIA CMbICIT UCMONb3YyeMbIX BENNYMH, UX 00O03HAYEeHUs U eauHMUbI,
HaxoauTb bopMyrnbl, CBS3bIBaOLWME AAHHYIO (PU3NYECKyt0 BENUYMHY C APpYrMMU
BenMunHamm

10.5 OnucblBaTb U3ydeHHble TennoBble CBOWCTBA Ten W Tennosble SBMNEHUS,
ucnonb3ysa usnyeckue BenuUUHbBL JaBneHve rasa, TemnepaTtypa, CpeHsis
KMHEeTUYeCcKas aHeprus XaoTUYeCcKoro ABMXKEHUS MONeKyn, cpefHekBaapaTuyHas
CKOPOCTb MOMEKYr, KONMMYEeCTBO TEmnsoTbl, BHYTPEHHAS 3dHeprusa, paboTa rasa,
KO3hPULMEHT MONe3Horo AencTBuA TensnoBoro ABuratend; npu  onucaHum
npaBUNbLHO TpakToBaTb (MU3NYECKUN CMbICTT WUCMOSb3YyEMbIX BEMWYUH, UX
0003Ha4yeHMss W eauHMUbl, HaxoguTb (OpMyIbl, CBSA3bIBAOLME OaHHYHO
d13nyecKkyo BENUYMHY C APYrMMn BeNn4YnHam

10.6 OnucbiBatb N3y4YeHHble 3neKTpu4yeckne CBOWCTBa BeLllecTBa Uu anekTpunyeckne
ABNEeHnsA (ﬂpOLI,eCCbI), ncnonb3ys (bmsmqecme BEeIMNYUHbI: SJ'IeKTpVI‘-IeCKMVI 3apsaa,
aneKkTpuyeckoe none, HanpsAXXeHHOCTb nons, noTteHunan, Pa3HOCTb
noTeHumnanos; nNpu onucaHun npaBuIlbHO TpPaAKTOBATb q)msmqecmﬁ CMbICH
MCNOoJIb3yeMbIX BEJTMYUH, UX o0b603HavyeHnss U eguHUUbI; yKa3blBaTb Q)OpMyJ'IbI,
CBdA3bliBawLWMe AaHHYIO CbVI3I/I'-IeCKyP0 BENMMYMHY C ApyrmMmmn BenmynHamm




10.7

aHanuaupoBaTb U3NYEecKue npoueccbl U SABMEHUS, UCMNOMb3ys uU3ndeckme
3aKOHbl N MPUHLMNbLI: 3aKOH BCeMnpHoro TaroTteHus, |, Il u 1l 3akoHbl HbloTOHa,
3aKOH COXpaHEeHUsi MeXaHW4YeCKOW JHeprun, 3aKOoH COXpaHEHWs uMMynbcea,
NpYHUMN Cynepno3vuuun Cumn, MPUHUUN paBHOMNPaBUS MHEepUUanbHbIX CUCTEM
OoTCcYeTa; MOMEKYNAPHO-KMHETUYECKYID TEOPUIO CTPOEHWUs] BeLLecTBa, ra3oBble
3aKOHbI, CBSI3b CpeAHEeN KNHETUYECKOW 3HEPrny TENITOBOIO ABWXEHUS MOSIEKYN C
abcontoTHOM TeMnepaTypon, NepBbIA 3aKOH TEPMOOUHAMMKN; 3aKOH COXPaHEHWs
3NeKTpMYecKoro 3apsiga, 3akoH KymoHa; npyv 3TOM pasnuyatb CrOBECHYHO
hOpMYyNMpPOBKY 3aKOHa, €ro MateMaTU4yecKkoe BblpaXeHue U ycrnoBusi (rpaHuubl,
obnactn) NPUMEHNUMOCTH

10.8

OBbACHATL OCHOBHblE NPUHLUUMbBI AENCTBUS MaLUWH, NPUOOPOB U TEXHUYECKUX
YCTPOWCTB; pasnuyatb ycrnoBuss ux 6e30MacHOro  UCMofb30BaHua B
NMOBCEOHEBHOW >XNU3HU

10.9

BbINnONMHATL  SKCMEPUMEHTbI MO  UCCreaoBaHUlo  U3NYECKMX SIBIEHUA W
NPOLECCOB C WCMNOMb30BaHMEM MPSIMbIX W KOCBEHHbLIX W3MEPEHUn; Npu 3TOM
dopmynmpoBaTe npobnemy (3agady) v runotesy y4ebBHOro 3IKCNepuMMeHTa,
cobvpaTb YCTaAHOBKY M3 MNpeasioKeHHOro obopyaoBaHus, MPOBOAUTL OMbIT U
hbopmynmpoBaTh BbIBOAbI

10.10

OcyulecTBNATL NPSIMblE U KOCBEHHblE U3MEPEHUs1 DU3NYECKUX BENUYMH; TMpU
3TOM BbIOMpaTh ONTUMAarbHbIA CNOCOO U3MEPEHUA U UCMONb30BaTb U3BECTHbIE
MEeTOAbl OLLEHKM MOrPELLHOCTEN N3MEPEHUI

10.11

WcenepoBaTb 3aBNCUMOCTHU mMexnay (*)VI3VI'~leCKVIMVI BennMyYnHammn C
MCcnosfib3oBaHMeEM MNpAMbIX MSMGPGHMVI; npn 3TOM KOHCTpyupoBaTb YCTaHOBKY,
d)VIKCVIpOBaTb pe3ynbTaThbl ﬂOJ'Iy‘-IGHHOVI 3aBUCUMOCTHU d)msmqecr(mx BENMMYNH B
BMae Tabnuy n Fpa(bVIKOB, Aenatb BblBOAbl MO pe3dyrnbTaTtaM UnccrneaoBaHus

10.12

CobnogaTte npasBuna 6e3onacHoro Tpyda npv MNPOBEAEHWW WccnegoBaHui B
pamkax y4yeBGHOro akcnepuMmeHTa, y4yebHo-uccnegoBaTenbCKOW W MNPOEKTHOW
[eSATENBLHOCTU C UCMOSMb30BaHUEM U3MEPUTENBLHBIX YCTPOWUCTB 1 nabopaTopHOro
obopyaoBaHus

10.13

Pewatb pacdeTHble 3agaym € ABHO 3agaHHON OU3NYECKON MOLENbBIO, UCNONb3YS
dmsmyeckne 3aKkoHbl M MNPUHUUMBLI; Ha OCHOBE aHanu3a YyCcnoBus 3agayvuv
BblbUpaTh hr3nM4eckyo Mmogerb, BblaensaTb pusndeckne BenuyinHbl u opmMynsbl,
HeobxoauMble ANs ee pelleHusl, MPOBOAUTb pacyeThbl U OLueHnBaTb pearnbHOCTb
MONY4YEeHHOro 3HaYeHUsT PU3NYECKOWN BENMNYMHBI

10.14

PewaTb kayecTBEHHble 3afdayun: BbICTpauBaTb JIOMMYECKU HEMPOTMBOPEYUBYIO
LeMnoYKky pacCyXaeHuh C OMopoN Ha W3yYeHHble 3aKOHbl, 3aKOHOMEPHOCTU U
domamyeckue aBreHus

10.15

Wcnonb3oBaTb npu pelleHun y4ebHbIX 3afay COBPEMEHHbIE MHDOPMAaLMOHHbIE
TEXHOMNOMMM NSl NoMCKa, CTPYKTYPUPOBaHWS, MHTEPNpeTaLuM U NpeacTaBrieHns
y4ebHON U Hay4yHO-MONYNAPHOM WHGOPMAaUMK, MOMYYEHHOW U3  Pa3NUYHbIX
MCTOYHMKOB; KPUTUYECKM aHanM3MpoBaTh Nony4aemyto MHopmaLmio

10.16

MpuBOAMTL MpuUMepbl BKMNaga POCCUMUACKMX W 3apybexHbIX Y4YeHbIX-(PU3UKOB B
pa3BuTMe Hayku, OOBbSCHEHME MpPOLLECCOB OKpyXKalowero mupa, B pasBuTUE
TEXHUKN N TEXHONOTUI

10.17

VMcnonb3oBaTb TeopeTnyeckne 3HaHUsa No uanke B MOBCEOHEBHOW XU3HU ANA
obecneyeHns GesonacHocTM npu obpalleHun ¢ npubopamMm U TEXHUHECKUMMU
yCTpOWCTBaMM, AN COXPaHEHUs] 340POBbS U COBNOAEHNS HOPM 3KOSOrMYECKOro
noBeJeHUs B OKpyKatoLLen cpege

10.18

Pabotatb B rpynne C BbIMNOMHEHWEM Pa3fWYHbIX COLMAmNbHLIX — POnen,
nnaHupoBaTb paboTy rpynnbl, pauuoHanNbHO pacnpefensts 0653aHHOCTU U
nnaHWpoBaTb [OEATENbHOCTb B  HECTaHOAAPTHbIX  CUTyauusix, aJeKBaTHO
OUeHMBATb BKMaj KaX4oro U3 y4acTHUKOB Ipynnbl B PELUEHNE paccMaTpuBaemMon




npobnemsol

Tabnuua 14.1
MpoBepsaembie anemeHTbl cogepxanus (10 knacc)
Kopg Kog [MpoBepsaemMbie anemMeHTbl coaepKaHnst
pasgena | NpoBepsieMoro
aneMmeHTa
1 PU3UKA N METOOblI HAYYHOIO NMO3HAHWA
1.1 dusmka - Hayka O npupoge. HaydHble MmeToabl NO3HAHWS
oKkpyxatoulero mupa. Ponb skcnepumeHTa M Teopum B npouecce
No3HaHWsa NpUPOabl. QKCNEPUMEHT B hum3mke
1.2 MopgenupoBaHne @U3NYECKUX SBMEHUA W nNpoueccoB. HayyHble
rmnoTtesbl. dusnyeckne 3akoHbl M Teopuu. [paHuubl NPUMEHUMOCTU
du3myecknx 3akoHoB. NprHUMN cooTBeTCTBMA. Ponb 1 MecTo humankm
B (OPMMPOBAHMN COBPEMEHHOW HAy4YHOW KapTWUHbl Mupa, B
NpakTUYeCKON OesATeNbHOCTU Nogen
2 MEXAHUNKA
2.1 KUHEMATUWKA
211 MexaHuyeckoe  gBwkeHnme.  OTHOCMTENBHOCTb  MEXAHWYECKOro
aBwxeHus. Cuctema otcyeTta. TpaekTopus
212 MepemelyeHne, CKOPOCTb (CPeaHsAst CKOPOCTb, MIHOBEHHasi CKOPOCTb)
N YCKOpEHWe MaTepuanbHON TOYKM, UX MPOEKUMM Ha OCU CUCTEMbI
KoopauHat. CrnoxeHne nepeMeLleHNIn U CIOXKEeHNEe CKOpoCTeln
2.13 PaBHOMEpHOE W© paBHOYCKOPEHHOE MPSMONIMHENHOE [ABUXEHME.
padvkn 3aBMCMMOCTU KOOPAMHAT, CKOPOCTW, YCKOPEHWs, NyTn U
nepemMeLLeHns MaTtepmanbHONM TOYKM OT BpeMeHU
2.14 CeobogHoe nageHune. YckopeHne cBoboaHOIo nageHust
215 KpuBonuHernHoe aBmxeHne. PaBHoOMepHOe ABMXEHUe matepuarnbHOW
TOYKW MO OKPYXKHOCTU. YrnoBasi CKOPOCTb, IMHENHas CKOpPOCTb.
Mepwop v yacToTa. LieHTpocTpemMuTensHoe yckopeHue
2.1.6 TexHudeckme ycTponcTBa: CnUaoMeTp, ABUXKEHUE CHapsaoB, LenHble
W peMeHHble nepegayu
217 MMpakTuyeckne  paboTtbl. WMN3mepeHune  MrHOBEHHOW  CKOpPOCTMW.
MccnenoBaHne COOTHOLIEHUS MexXAy NyTAMU, MPOMAEHHBIMU TEroMm
3a nocnefoBaTteribHble  paBHble  MNPOMEXYTKU  BpPeMeHU  npu
paBHOYCKOPEHHOM [ABWXEHUWN C HaYarbHOW CKOPOCTbIO, PaBHOW HYMIO.
M3yueHne p[OBwxeHWs Lwapuka B BA3KOW kuakoctn. WMsyyeHue
OBWKEeHWA Tena, bpoLLeHHOro ropusoHTansHo
2.2 OVHAMUKA
221 MpuHUnn oTHocutenbHocTn [anuneqa. [lepBbin 3akoH HblOTOHA.

MHepLI,I/IaJ'IbeIe CUCTEMbI OTCHEeTa

222 Macca Tena. Cuna. MNpuHUun cynepnosvuymm cun

2.2.3 BTopon 3akoH HbloToHa gnst matepuanbHOM TOYKM B MHEPLMATbHON
cucteme otcyeta (MCO). Tpetnn 3akoH HbloTOHa Anst MaTepuanbHbIX




TOYeK

224 3akoH BceMmupHoro TaroteHus. Cuna TshkecTu. lNepBasi Kocmudeckas
ckopocTb. Bec Tena
2.25 Cwuna ynpyrocTtu. 3akoH N'yka
2.2.6 Cuna TpeHuda. Cyxoe TpeHume. Cunna TpeHUs CKOMbXEHUs 1 cuna
TpeHus nokos. KoacpduumeHT TpeHua. Cuna conpoTUBREHWUS Npwu
OBWKEHMM Tena B XWOKoCTU Unu rase
227 MocTynatenbHoe M BpallaTenbHoe ABWKeHWe abContoTHO TBEpPAOoro
Tena
2.2.8 MoOMEHT cunbl OTHOCUTENBHO OCK BpalleHus. Nnedo cunbl. Ycnosus
paBHOBecus TBepgoro Tena 8 UCO
229 TexHudeckme yCTpOMCTBA: NOAWUMHUKA, OBUXEHUE WCKYCCTBEHHbIX
CMYTHUKOB
2.2.10 MpakTuyeckne paboTbl. M3ydeHne OBwxkeHuWs Bpycka MO HaKNOHHOW
NNOCKOCTU MOA OEeNCTBMEM  HeCKOmnbkux cun. VMccnegoBaHue
3aBMCMMOCTM CWM  YMNPYrocTu, BO3HUKaWOWMX B Aedopmupyemon
npyXvHe 1 pesnHoBOM obpasue, OT BenuyuHbl Mx dedopmaumu.
WccnenoBaHne ycnoBuin paBHOBECUSI TBEPAOro Tena, UMEeKoLEero ocb
BpaLLeHus
2.3 3AKOHbI COXPAHEHNA B MEXAHUKE
23.1 Mmnynec maTepuanbHOM TOYKWM, CUCTEMbI MaTepuarnbHbIX TOYek.
Mmnynbc cunbl n nsmeHeHve uMmnynsca Tena
2.3.2 3akoH coxpaHeHus nmnynsca B UCO. PeakTuBHOE ABUMXEHME
2.3.3 Pabota cunbl
234 MoLHOCTb cunbl
2.35 KuHeTnueckaa aHeprua  mMaTtepuanbHoOW  Touykn. Teopema O
KMHETUYECKOW 3HEpPrum
2.3.6 MoTeHuunanbHaa  aHeprnda. [loTeHumanbHad  3Heprus  ynpyro
AedopMNPOBaHHOW MPYXUHbI. [loTeHunanbHas aHeprus Tena B6nusm
noBepPXHOCTU 3emnu
2.3.7 lMoTeHumanbHble UK HenoTeHuuanbHble cunbl. CBaA3b  paboThbl
HernoTeHumMarnbHbIX CUN  C W3MEHEHMEeM MeXaHUYEeCKOW SHepruu
cucTeMbl Ten. 3akoH COXpaHEeHUs MeXaHU4eCcKon aHeprum
2.3.8 Ynpyrue n Heynpyrne CTOnKHOBEHUS
2.3.9 TexHu4eckne YCTPOWCTBA: [JBWXEHWE pakeT, BOAOMET, Korep,
NPYXVHHbBIA NUCTONET
2.3.10 MpakTuyeckne paboTbl. W3ydeHne CBA3M CKOPOCTENW Ten npu
Heynpyrom yaape. ViccnegoBaHue cBs3u paboTbl CUMbl C UBMEHEHUEM
MeXaHU4eCcKoW aHeprum Tena
3 MOJIEKYNAPHAA ®UN3UKA N TEPMOOVUHAMWKA
3.1 OCHOBbI MONEKYNAPHO-KMHETUYECKOW TEOPUM
3.11 OcHoBHbIE NONOXeHnsi MOJEKYNSAPHO-KUHETUYECKON  TEOPUN.




BpoyHoBckoe aBwxkeHve. [Oudbpysus. Xapaktep OBUXKEHUS W
B3aMMOEeNCTBUS YacTul, BeLLecTBa

3.1.2 Mogenu cTpoeHusl rasoB, XWUAKOCTEN U TBEpPAbIX Ten u obbsCHeHue
CBOWCTB BeLLeCTBa Ha OCHOBE 3TUX MoJenen

3.1.3 Macca monekyn. Konnyectso Bellectsa. lNoctosstHHas ABoragpo

3.14 Tennosoe paBHOBecue. TemnepaTypa M ee usMepeHue. Lkana
TemnepaTyp LUenbcua

3.15 Mopenb uvpeanbHoro rasa. OCHOBHOE YypaBHEHME MOMEKYNSAPHO-
KMHETMYECKOW Teopun naeansHoOro rasa

3.1.6 AbcontoTHag TemnepaTypa Kak mepa cpefHe KUHETUYECKON 3Heprum
TENNoBOro ABWXeHus YyacTuy rasa. Lkana Temnepatyp KenbBuHa

3.1.7 YpaBHeHue KnanerpoHa - MeHgeneesa. 3akoH [JanbToHa

3.1.8 [a3oBble 3aKkoHbl. WM3ompouecchbl B maeanbHOM rase C MOCTOSIHHBIM
KONMMYeCTBOM BellecTBa: n3oTepma, usoxopa, nsobapa

3.1.9 TexHu4eckne ycTponcTBa: TepmomeTp, bapomeTp

3.1.10 MpakTuyeckne paboTbl. M3mepeHne wmaccbl BO3dyxa B KIacCHOM
KoMHaTe. WccnegoBaHnme — 3aBUCUMOCTM  Mexay napameTtpamu
COCTOSIHMS pa3pexeHHoro rasa

3.2 OCHOBbI TEPMOAVNHAMUKA

3.21 TepmoagmHamunyeckas cucrtema. BHyTpeHHss 3Heprus
TepMoguHaMM4YeCcKkon CUCTEMbI U CNOCODLI ee M3MEHEHUS

3.2.2 KonnyecTtBo TennoTel 1 paboTa. BHYTpeHHAs 3Heprus ogHOaTOMHOrO
ngeanbHoro rasa

3.2.3 Bugbl Tennonepegayun: TennonpoBOAHOCTb, KOHBEKLUMS, U3MyyYyeHue.
TennoemkocTb Tena. YaenbHas TeMNmnoeMKocTb BellecTtBa. Pacuet
KonuyecTsa TennoTbl Npu Tennonepenade

3.24 MepBbIi 3akoH TepmoauHamuku. [lpyMeHeHWe nepBoOro 3aKoHa
TepMoguHaMuknm K usonpoueccam. [paduueckas wuHTepnpeTaums
paboTbl rasa

3.25 Tennosble MawwuHbl. [MpuHUMNBLI  OENCTBUS  TENMOBbIX  MaLUVH.
lMpeobpa3oBaHMa 3HepruM B TennoBbix MawwuHax. KoadduuymeHT
nonesHoro gencreusa (ganee - Kra) rennoson mawwuHel. Linkn KapHo
n ero KMna

3.2.6 BTtopon 3akoH TepmoavHamuki. HeobpaTMMocTb MpoueccoB B
npuvpoge. TennoBble ABuratenu.  JKomorndeckne  npobnemel
TennosHepreTukn

3.2.7 TexHudeckne ycTpoWCTBa: [ABuraTenb BHYTPEHHEro  CropaHus,
ObITOBOM XONOAUNBHUK, KOHAULNOHED

3.2.8 MpakTuyeckune paboTtel. U3aMepeHne yaenbHON TENNOEMKOCTU

3.3 AIrPET'ATHBIE COCTOAHNA BELWLECTBA. ®A30BbIE NMEPEXObI
3.3.1 Mapoobpa3oBaHue 1 koHOeHcaums. VicnapeHune n kuneHve. YaenbHas

TennoTa napoobpasoBaHus. 3aBUCUMOCTb TeMMepaTypbl KUMEHUS OT
AaBrieHus




3.3.2

AbconioTHag U OTHOCUTENbHasi BMAXHOCTb Bo3ayxa. HacblleHHbIN
nap

3.3.3 Teepgoe Teno. Kpuctannudeckne n amopdHble Tena. AHM30TpONus
CBOWCTB KpucTtannoB. XXugkue kpuctannbel. CoBpeMeHHble MaTepuarnbl
3.34 MnaBneHne wn kpuctannu3aums. YgenbHas TennoTa nnaBreHus.
Cybnumaunus
3.35 YpaBHeHMe TennoBoro 6anaHca
3.3.6 TexHu4eckme yCTPOWCTBA: MMrPoOMEeTp U MCUXPOMETP, KanopumeTp,
TEXHOMOrMM MOMy4YeHUs COBPEMEHHbIX MaTepuanos, B TOM 4ucne
HaHomaTepuanos, U HAHOTEXHOMNOrMn
3.3.7 MpakTnyeckue paboTbl. MI3amepeHmne BnaxxHOCTM BO3ayXxa
4 OJIEKTPOONHAMUKA
4.1 ONEKTPOCTATUKA
41.1 OnekTpmnsauus Ten. AnekTpudeckun 3apsg. [Ba BMaa anNekTpuyeckux
3apsagos
4.1.2 MpOBOOHMKM, ANINEKTPUKN U NOMNYNPOBOLHUKN
4.1.3 3aKoH COXpaHeHUs! 3NeKTPNYEeCcKoro 3apsaa
414 B3anmopgencTteue 3apsagos. 3akoH KynoHa
415 Onektpnyeckoe none. HanpsSXeHHOCTb  AMEeKTPMYECKOro  Nons.
MpuHumn cynepnosvunn. JIMHUM  HanNPSXXEHHOCTU  3NEKTPUYECKOro
nons
4.1.6 Pabota cun anektpoctatudeckoro nond. [loteHuman. PasHoCTb
noTeHumManos
4.1.7 MpOBOOHWKM U AN3NEKTPUKM B MOCTOSIHHOM 3MNEeKTPUYECKOM mofne.
[unanekTpunyeckasa NpoHNLAEeMOCTb
4.1.8 OneKkTpoeMKOoCTb. KoHpgeHcaTop. OneKkTpoeMKoCTb NnocKoro
KOHAeHcaTopa. OQHeprus 3apsXXeHHOro KoHaeHcatopa
4.1.9 TexHnyeckue yCTpoucTBa: 3reKTpocKon, 3reKTpomMeTp,
aneKkTpocTaTMyeckas  3awmrta, 3a3emrfieHMe  anekTponpubopos,
KOHZeHcaTop, KCePOKC, CTPYNHbIN NPUHTEP
4.1.10 MpakTuyeckue paboTel. IaMepeHre anekTpoeMKOCTM KoHAeHcaTopa
4.2 MOCTOAHHbLIN ANEKTPUYECKN TOK. TOKU B PA3JTMYHBIX CPEJAX

42.1 YcnoBusi  CyLLEeCTBOBaHWSI  MOCTOAHHOIO  3MEKTPUYECKOro  ToKa.
McTouyHmkn Toka. Cuna Toka. [oCTOAHHbIN TOK

4272 HanpsixeHune. 3akoH Oma ans ydacrtka uenm

4.2.3 AnekTpuyeckoe COMpOTUBNEHNE. YnenbHoe conpoTuBneHne
BellecTBa

4.2.4 MocnepoBatenbHoe, napannenbHoe, CMellaHHOe  CcoeduHeHune
NpPOBOAHMKOB

425 PaboTa anektpuyeckoro Toka. 3akoH [xoyns - JleHua




4.2.6 MOLLHOCTb 9NEKTPUYECKOro Toka

4.2.7 anektpogBwkywas cuna (ganee - 30C) wn  BHyTpeHHee
COMPOTUBIEHNE NCTOYHUKA ToKa. 3akoH Oma Anst NOMHONM (3aMKHYTOWN)
anekTpuyeckoi Lenu. Kopotkoe 3ambikaHue

4.2.8 OneKkTpoHHas MpoBOAMMOCTb TBepAbIX MeTannoB. 3aBUMCMMOCTb
COMpOTUBMNEHNS METanNmMoB OT TemnepaTtypbl. CBEPXNPOBOANMOCTb

4.2.9 OnekTpnyecknin Tok B Bakyyme. CBONCTBA 3NEKTPOHHbIX MYYKOB

4.2.10 MonynposogHukn. CobCcTBEHHaAd U nNpuMecHash MPOBOANMOCTb
nonynpoBogHukoB. CBoncTBa p-n nepexoga. [lonynpoBOAHMKOBbIE
npubopsl

4211 OnekTpuyeckun  TOK B 3JMeKTponuTax.  OneKkTponuTuyeckas

anccouunaums. dnekTponus

4.2.12 AnekTpnyeckui TOK B rasax. CamocTosATenbHbIN "
HecaMoCToATeNbHbIN paspsad. PasnuuHble Tunbl CamMOCTOATENbHOrO
paspsaga. MonHus. MNnasma

4.2.13 TexHudeckne ycTpomcTBa: amMmnepMeTp, BOMNbTMETP, peocTar,
NCTOYHMKU TOKa, aneKkTpoHarpeBaTenbHble npnbopsbl,
3MNEeKTPOOCBETUTENBHbIE  MPUOOPbLI, TEPMOMETP  COMPOTUBIIEHWS,
BaKyyMHbIV avog, TEepMUCTOPbI " doTopesncTopsl,

ﬂOﬂyI'IpOBO,D,HVIKOBbIVI anoa, ranbBaHMKa

4.2.14 MpakTtuyeckne pabotbl. WM3yyeHune  CMELAHHOrO  COeAVHEeHWs
pesncTopos.

NamepeHne BOC ncToyHMKa TOKa U €ero BHYTPEHHEro COMPOTMBEHMS.
HabnioaeHve anekTponunsa

Tabnuua 14.2

MpoBepsiemble TpeboBaHUA k pe3ynbTataM OCBOEHUS OCHOBHOWN
obpasoBatenbHon nporpammel (11 knacc)

Kog MpoBepsaemMbie npegMeTHbIE pe3ynbTaTbl OCBOEHUS OCHOBHOM 00pa3oBaTenbHOM
npoBepsemMoro nporpaMmmsl cpegHero obuiero obpasoBaHus
pesynbTarta
111 [emoHcTpupoBatb Ha npuMmepax pofb U MecTo MuU3Mkn B opMmnpoBaHnn

COBPEMEHHOW Hay4yHOM KapTWHbl MWpa, B PasBUTUN COBPEMEHHON TEXHUKU U
TEXHOMOrMn, B MpaKTU4ecKon AesTerbHOCTWU Iofen, LenocTHOCTb U eQMHCTBO
bn3N4ecKon KapTUHbI MUpa

11.2 YuntbiBaTb rpaHuUbl NPUMEHEHUST U3YYeHHbIX U3NYECKMX MoZenein: TOYeYHbIit
3MeKTpUYecknii 3apsa, snepHas Modenb aTtoMa, HYKMoHHas Modenb aTOMHOro
agpa npuv pelleHnn pusnmyecknx sagad

11.3 PacnosHaBaTb huanyeckme sBreHust (Mpouecchbl) U OBBSACHSATbL UX Ha OCHOBE
3aKOHOB 3NEKTPOANHAMUKN U KBAHTOBOW (PU3UKN: SrieKTpuYeckasi NPOBOAMMOCTb,
TENnoBoOe, CBETOBOE, XMMUYECKoe, MarHUTHoe OeWCTBUS TOoKa, B3auMoaencTeme
MarHUTOB, SMEKTPOMarHUTHasi WHAYKUMS, OEWCTBME MarHUTHOro Monsi Ha
MPOBOAHMK C TOKOM W OBWXKYLUMACA 3apsid, SMeKTpoMarHWTHble KorebaHus u
BOJIHbI, NPSIMONIMHEHOE PacMpPOCTpPaHEHWE CBEeTa, OTPaXEHWe, NPEnoMIIeHUE,
nHTepdepeHunsa, aundpakuua U nonapusaums ceeTa, Aucnepcuss CBeTa,
POTOINEKTPUYECKUIA adpchexT (cboToacbekT), CBETOBOE OaBreHue,
BO3HWKHOBEHME TNWHENYaToro CcrekTpa atoma BOAOpoda, eCcTecTBeHHas MU
MCKYCCTBEHHaaA pagnoakTUBHOCTb




114

OnucbiBaTb M3y4YeHHble CBOWCTBA BellecTBa (3MEKTpPUYECKNE, MarHUTHbIE,
OonTUYecKMe,  3NEeKTPUYECKYID  MPOBOAMMOCTb  PasfUYHbIX  cpea) MU
9N1eKTPOMarHUTHble SIBNEHMs (npouecchl), Ucnonb3ys usamyeckne BeNUYMHBI:
3MNEeKTPUYECKUI 3apsid, cura Toka, ANIEKTPUYEcKoe HanpskeHue, aNekTpuyeckoe
COMpOTMBIEHNEe, pasHOCTb noTeHuuanoe, J3LC, pabota Toka, MWHAYKUMS
mMarHuTHoro nonsl, cuna Awmnepa, cuna JlopeHua, WMHAYKTMBHOCTb KaTYLUKW,
SHEpPrysi 3NeKTPUYECKOro U MarHUTHOro Mosen, nepuoa U Yactota konebaHuin B
koneGaTernbHOM KOHType, 3apsig M cuna Toka B MpoLecce rapMOHWYECKUX
3MEeKTPOMarHuUTHbIX KoneGaHuid, (DOKYCHOe pacCTosiHMe M onTudeckasl cuna
MVH3bI,  MpU  OMWUCaHUKM  MPaBUIIbHO  TpakToBaTb  (PU3MYECKMIA  CMbICH
UCMONb3YEMbIX BENUYUH, UX 0BO3HAYEeHUS U eAMHULbI; yKasbiBaTb (HOPMYIb,
CBSI3blBalOLLME AaHHYO (PU3NYECKYIO BENMMYMHY C APYIMMU BEMUYMHAMM
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OnucblBaTb  M3yYeHHblE KBAHTOBblE SBMEHWSS U MPOLIECCbl, WCMOSb3ys
dpusnyeckne BeNMYMHBL. CKOPOCTb 3NIEKTPOMAarHUTHbIX BOMH, AfIMHa BOJSIHbI U
yacToTa CBeTa, 3Heprus U MMnynbc ¢poToHa, Nepuod nornypacnaga, 3Heprusi
CBS131 aTOMHbIX S4ep; NpWY onNMcaHnM NpaBUITbHO TPaKTOBaTb PU3NYECKUIA CMbICTT
NCMNONb3yEMbIX BENUYMH, MX OOO3HAYEHMS U eduHUUbI; yKasbiBaTb QOPMYIbl,
CBA3bIBAOLLME [AHHYHO (PU3MYECKYD BENUYMHY C APYrMMW  BeNUYMHaMM,
BbIYNCIIATE 3HA4YeHMe hU3NYECKON BEMNMNYUHBI

11.6

AHanuaupoBaTb uU3NYecKkMe npoLecchl M HABMEHUs, UcCnonb3ys dusmveckme
3aKOHbI U NpUHUMNBI: 3akoH Oma, 3aKOHbl NOCie4oBaTENbHOMO Y NapannensHoro
coeVHeHNs MPOBOOHMKOB, 3akoH [bxoynsa - JleHua, 3aKOH 3MeKTPOMarHWTHOM
WHAYKUWK, 3aKOH NPSAMOMMHENHOro pacnpoCcTpaHeHWs CBEeTa, 3aKOHbl OTPaXeHUs
CBeTa, 3aKOHbl MPenomneHns cBeTa, ypaBHeHne AnHWTeriHa ansa gotoaddexra,
3aKOH COXpaHeHUs1 3HepPruu, 3aKOH COXPaHEHWs MMMNYrbCa, 3aKOH COXPaHEeHUs
3MNEeKTPUYECKOro 3apsiAa, 3aKkoH COXpaHeHWs MaccoBOro Yncna, noctynatel bopa,
3aKOH pagvMoaKTMBHOIO  pacnaga; npu  3TOM  pasnuMyatb  CrIOBECHYIO
hOpMYyNMpPOBKY 3aKOHa, ero MaremaTuyecKkoe BblpaXeHne u ycrnosus (rpaHuubl,
obrnacTtun) NnpuMeHMMocTH

11.7

OnpegenaTe HanpaBreHWe BekTopa WHAYKLUMWM MarHUTHOro Mons npoBOAHMKA C
TOKOM, cunbl Amnepa v cunbl JlopeHua

11.8

CTpouTtb 1 onuncbiBaTb N300paxeHne, co3gaBaemMoe MIoCKUM 3epKarnom, TOHKOM
TNVH30M

11.9

BbINOMHATL  3KCMEPUMEHTbI N0  UCCredoBaHul  U3NYECKMX  SBMEHUA 1
npoueccoB C WMCNOSMb30BaHUEM MNPSMbIX U KOCBEHHbIX W3MEPEeHUn; nNpu 3TOM
dopmynmpoBaTh npobnemy (3agady) M runotesy y4ebHOro 3KCNEepUMMEHTa,
cobvpaTb YCTaAHOBKY M3 MNpPeasIoKEHHOro 00opyaoBaHus, MPOBOAUTH OMbIT U
hopmynMpoBaTh BbIBOAbI

11.10

OcylecTBNATb NPSIMble N KOCBEHHbIE U3MEPEHUSA (PU3NYECKUX BENUYMH; MpK
3TOM BbIGMpaTbh ONTUMarbHbIA CNOCODO U3MEPEHUS U UCMOMb30BaTb U3BECTHbIE
MeTOobl OLIEHKN NOrpeLuHOCTen N3MepeHun

11.11

WccnepnoBaTb 3aBMCUMOCTH cbmsmqecmx BEeJIM4YNH C MUCNOJ1Ib30BaHMEM TMpPAMbIX
VI3MepeHl/Il7I; npn 3TOM KOHCTpyMpoBaTb YCTaHOBKY, q)l/IKCI/IpOBaTb pes3ynbTaThbl
I'IOJ'Iy‘-IGHHOVI 3aBUCUMOCTHU cbmsmqecmx BENUYMH B Buae Tabnuy u Fpad)I/IKOB,
genatb BblBOAbl NO pe3yribTaTtaM nccrieqosaHus

11.12

Cobniogate npaBuna 6e3onacHoro Tpyga npu NpoBeAEeHUW uccnefoBaHuin B
pamkax y4ebHOro aKcrepumeHTa, yd4ebGHO-uUccnenoBaTenbCKkoOM W MPOEKTHOWN
OESITENbHOCTM C UCNOSIb30BaHMEM U3MEPUTENbHbLIX YCTPOMCTB 1 nabopaTopHOro
obopynoBaHusi

11.13

Pewatb pacyeTHble 3aaum ¢ SIBHO 3a4aHHON hM3NYECKON MOAENbIO, UCMOSb3YS
usnyeckme 3akoOHbl W TMPUHLMMBI; HA OCHOBE aHanv3a YcroBus 3agayu
BbIGUpaTb pu3nyeckyro Moaernb, BblAensaTb UnYeckne BeNUUUHbE U hopMyrbl,
HeobxoauMble AN ee pelleHusi, NPOBOAWTL pacyeThbl M OLEHMBaTb pearnbHOCTb
NOMNYyY4EHHOro 3Ha4YeHUs1 PU3NYECKON BEMNUYUHDI




11.14

PewaTb kayecTBeHHble 3agauyu: BbICTpanBaTb J1I0rM4ECKM HENpPOTUBOPEYNBYHO
Leno4Ky paCCY)Kﬂ,eHI/Il;l C OI'IOpOI7I Ha W3y4YEeHHbl€ 3aKOHbl, 3aKOHOMEPHOCTU U
cbwsvlqecme ABNEeHnda

11.15

VMcnonb3oBaTtb Npy pelleHnn y4ebHbIX 3aday CoBpeMEHHble UH(OPMAaLMOHHbIE
TEXHOMOrMn Ans Noucka, CTPYKTYPUpPOBaHUS, UHTepnpeTaunm 1 npeacraBneHns
y4ebHON U Hay4yHO-MOMyNApPHOM WHOpMaLUUN, MOMYYEHHON W3  pPasfnuyHbIX
WUCTOYHMKOB; KPUTUYECKM aHaNU3npoBaTb nonyyaemMyo nHdopmauuio

11.16

00BACHATL NpUHUUNbI OEenCTBMS MaLlWH, I'IpVI60pOB N TEXHUYECKUX yCTpOVICTB;
pas3nnyatb ycnoBuAa nx ©e30nacHoOro Ncnosib30BaHWs B MOBCEAHEBHOW XN3HU

11.17

MprvBoaMTL MpuUMeEpbl BKMaga POCCUNCKUX WU 3apyBeXHbIX Y4YeHbIX-(PU3MKOB B
pasBuTUE Hayku, B OObsCHEHME MPOLIECCOB OKPYXKalLEero mupa, B pasBuTue
TEXHUKU N TEXHONOTNI

11.18

Mcnonb3oBaTb TeopeTUYeckne 3HaHus Mo u3nke B NOBCEAHEBHOW XWU3HWU ONs
obecneveHns HesonacHoCTU Mpu obpalleHnn ¢ npubopamMnm U TEXHUYECKUMM
yCTpOWCTBaMu, ANsi COXpaHeHUs 300poBbs 1 COBMNOAEHNST HOPM 3KOMOrMyeckoro
noBedeHUs B OKpyXxatoLlen cpene

11.19

PaGotatb B rpynne C BbINOSIHEHMEM Pa3fNUYHbIX COLMAnNbHbLIX  pOnew,
nnaHupoBaTb paboTy rpynnbl, pauMoHaNbHO pacnpefenstTs 0653aHHOCTU U
nnaHMpoBaTb [OESTEeNbHOCTb B HECTaHAAPTHbIX — CUTyauusix, afeKBaTHO
OouUeHMBATb BKMa KaX4oro U3 y4acTHUKOB rpynnbl B PeLUEHNE paccMaTpuBaeMon
npobnemel

Tabnuua 14.3

[MpoBepsiemble anemMeHTbl cogepxanus (11 knacc)

Kopg
pasgena

Kon MpoBepsieMble 3neMeHTbl CoepKaHus
NpoBepsSEMOro
anemeHTa

SANEKTPOONHAMUNKA

4.3

MATHWTHOE MNOJIE. ANEKTPOMATHUTHAA NHAOYKUMA

4.3.1 MocTosiHHbIE MarHuThl. BaanmogencTene NoCTOSAHHbIX MarHUTOB

4.3.2 MariutHoe none. Bektop  marHUTHOM  MHAYKUMW.  [puHUMN
cynepnosvumu.  JIMHUM  MarHUTHOM  MHAYKUMW. KapTuHa nuHUin
MarHUTHOM MHAOYKUMM NOMS NOCTOAHHBIX MarHUTOB

4.3.3 MarHMtHoe none npoBOoAHMKA C TOKOM. KapTuHa nuHuMiA nons
ONVHHOTO  MpPSIMOrO  MPOBOAHMKA W 3aMKHYTOTO  KOMbLEBOrO
npoBoOAHMKA, KaTywkn ¢ TokoMm. OnblT OpcTefa. Bsaumopenctsue
NPOBOAHMKOB C TOKOM

43.4 Cwvna Amnepa, ee Moaynb 1 HanpasneHne

4.3.5 Cwuna JlopeHua, ee Moaynb 1 HanpaeneHue. [ABMXeHUe 3apsiKeHHON
YacTuupbl B 04HOPOAHOM MarHuTHom none. PaboTta cunel JlopeHua

4.3.6 fBneHve anekTpoMarHMTHON MHAYKLNN
4.3.7 [MoToK BeKTOpa MarHUTHON UHOYKLUK
4.3.8 30C nHAaykumn. 3akoH anekTpoMarHuTHon nHaykuum dapanes

4.3.9 BuxpeBoe anektpuyeckoe none. 30C wuHOyKUUM B NPOBOAHMKE,




OBMXyulemca nocrtynatenbHO B O4HOPOAHOM MarHMTHOM none

4.3.10 Mpaswuno JleHua

4311 MHaykTMBHOCTL. ABneHne camouHaykuumn. 34C camonHaykuum

4.3.12 OHeprnst MarHMTHOrO MO KaTYLLKN C TOKOM

4.3.13 3nekTpomarHuTHoe none

4.3.14 TexHuyeckne yCTPOMCTBA: MOCTOSIHHbIE MarHuTbl, 3NEeKTPOMAarHuThl,
anekTpoasuraTens, ycKkoputenu 3MneMeHTapHbIX YyacTuu,
WHOYKUMOHHAasA neyb

4.3.15 MpakTuyeckne paboTbl. N3ydeHne MarHUTHOrO NOMs KaTyLKM C TOKOM.
WccneposaHve OenNCTBUS NMOCTOSHHOrO MarHuTa Ha pamky C TOKOM.
VccneposaHve ABMeHNs SneKTpoMarHUTHOM UHOYKLUUK

5 KONEBAHWMA U BOJIHbI
5.1 MEXAHWYECKUME U SNIEKTPOMAIHUTHBIE KOJIEBAHWA

5.1.1 KonebatenoHaa cuctema. CeobogHble konebaHusa. MapmoHunyeckue
konebanwus. Mepuogd, yactota, amnnutyaa u asa konebaHum

5.1.2 MpY>XMHHBLIA MaATHUK. MaTemaTU4YeCckuin MagaTHUK

5.1.3 YpaBHeHne  rapMoHudecknx — konebanun.  KnHematuyeckoe u
AVHamMu4eckoe onncaHve konebaTtenbHOro OBMKEHNs

514 MpeBpalueHne sHeprv Mpu rapMoHudecknx komnebaHusx. Ceasb
amnnuTygel  konebaHum UCXOOHOW BENUYMHBLI C  aMnauMTygamu
konebaHui ee CKOPOCTU U YCKOPEHNS

5.15 KonebatenbHbii KOHTYp. CBOBOAHbBIE 3nEeKTpoOMarHUTHble konebaHus
B wugeanbHoM konebatenbHOM  KOHType. AHanorua  mexay
MEXaHUYECKUMN W 3NEKTPOMarHUTHbIMM  KonebaHuamu. Popmyna
TomcoHa

5.1.6 3aKoH COXpaHeHuWs dHeprumn B ngeanbHOM konebatensHOM KOHType

5.1.7 BblHyxaeHHble MexaHudeckue konebaHus. Pe3oHaHc. Pe3oHaHcHas
KpuBas. BbIHyXOeHHble 3aneKkTpoMarHnTHele konebaHus.

5.1.8 lMepemeHHbIV TOK. CrHycoMaanbHbIN NePeMeEHHbIV TOK.

5.1.9 MoLHOCTL nNepeMeHHoro Toka. AMMIUTYOHOE W JAencTByollee
3HayeHve Curbl ToKa 1 HanpsXXeHus

5.1.10 TpaHcdopmaTop. [lpousBoacTtBo, nepejada W notpebneHve
3MNEeKTPUYECKON JHEPTrnU. DKOMOrMYecKMe puUcku npu NpousBoACTBE
aneKkTpuyeckon sHeprun. KynbTypa Ucnornb3oBaHuUsa 3NeKTPO3HEPrnn B
NoBCeOHEBHOW XN3HU

51.11 TexHudeckne ycTponcTea: cencmorpad), 3MeKTPUYEeCKMA  3BOHOK,
NVHUK anekTponepeaad

5.1.12 MpakTnyeckne paboTol. ViccnegoBaHne 3aBUCMMOCTY Meproda marbixX

konebaHui rpysa Ha HUTKU OT [OJfIMHbI HUTU KN MacCCbl TIpya3a.
WccnepoBaHue nepemMeHHoro ToKa B Uenn u3 nocrnegosaTtesibHO
COeJMHEeHHbIX KOHAEeHCaTopa, KaTyLKn 1 pe3ncTtopa

5.2

MEXAHWUYECKWME U SNTIEKTPOMAIHUTHBIE BOJTHbI




5.2.1 MexaHunyeckue BOMHbI, YyCrnoBUA  pacnpocTpaHeHuda. [lepwuog.
CkopoCTb pacnpocTpaHeHus W AnuHa BornHbl. [lonepeyHbie u
NpoAosnbHblE BOMHbI

5.2.2 WHTepdepeHumnsa n gudpakums MexaHM4eckmx BOSH

5.2.3 3Byk. CkopocTb 3ByKa. [pomKOCTb 3BYyKa. BeicoTa ToHa. Tembp 3Byka

5.2.4 OnNeKTPOMarHUTHbIE BOJSHbI. YCMOBUS M3MYy4YEHUS 3NIEKTPOMarHUTHbIX
BOIMH. B3aanmHas opueHTaums Bektopos E, B u UV B anekTpoMarHMTHON
BOIHE B BaKyyme

5.25 CBoWcTBa 3NEKTPOMArHUTHbIX BOJSIH: OTPaXXeHwe, MpenomIieHne,
nonapusaums, andpakums, nHTepdepeHuns. CkopocTb
3NEeKTPOMarHUTHbIX BOMH

5.2.6 LWkana anekTpoMarHWTHbIX BOMH. [lpuMeHeHue 3neKTpoOMarHUTHbIX
BOJTH B TEXHUKE N BbITY

5.2.7 MpuHUMNbI pagnocsasmn n TeneBvaeHus. Paguonokauus.
OneKkTpoMarHMTHoe 3arpsisHeHne OKpyxatoLen cpeabl

5.2.8 TexHu4eckune yCTpOWCTBA: MYy3blKanbHble WHCTPYMEHThI,
ynbTpasBykoBas [JuarHOCTMKa B TexHUKe W MeauuuHe, pajap,
pagvnonpueMHUK, TeNeBM3op, aHTeHHa, TenedgoH, CBY-neyb

5.3 OMNTUKA

5.3.1 MpsamonuHerHoe pacnpocTpaHeHne ceeTa B 0gHopoaHou cpege. Jlyd
cBeTa

53.2 OTpaxeHne cBeTa. 3akoHbl OTpaxeHus ceeTa. [locTpoeHue
n300paXKeHuin B NITOCKOM 3epKare

5.3.3 MpenomneHne cBeTa. 3akoHbl MNpenomMneHus ceeTta. ABCOMIOTHBIN
nokasaTesib NpenoMneHnst

5.34 MonHoe BHyTpeHHee oTpaxeHue. [lpedenbHbIn Yron  MOMHOro
BHYTPEHHEro oTpaxeHus

535 Oucnepcua ceeta. CnoxHel coctas 6enoro ceeTa. Liset

5.3.6 Cobupatowime 1 paccevBarowme nuH3bl. ToHkaa nuH3a. PokycHoe
paccTosiHMe W onTMyeckas cuna TOHKOW nuH3bl. [locTpoeHue
n3obpaxeHuin B cobupawwmx u paccemBawlmx nuH3ax. Popmyna
TOHKOW NWH3bI. YBENuyeHne, faBaeMoe NMH30M

5.3.7 Mpegensl NPUMEHUMOCTN FreOMETPUYECKON OMTUKN

5.3.8 MHTepdepeHuuns ceeta. KorepeHTHble  UCTOYHUMKKW.  Ycnosus
HabngeHnss MakCMMyMOB M MUHUMYMOB B MHTepdEpPEHLIMOHHON
KapTUHE OT ABYX CUH(A3HbIX KOr€PEHTHbIX MCTOYHUKOB

5.3.9 Ondpakuusa ceeta. [udpakumoHHasa pelueTka. Ycrnosue HabniogeHus
rmaBHbIX MaKCMMYMOB Npu nageHnMnm MOHOXpPOMaTU4eCKOro cBeTa Ha
ONpakUNOHHYIO peLLeTKy

5.3.10 Monapusauymsa ceeta

5.3.11 TexHu4eckme ycTpoMCTBa: O4ku, nyna, gotoannapar, NPOEKUNOHHbIN

annapar, MUKpPOCKOM, TENECKOMN, BONMOKOHHAsi ONTUKA, AMMPaKLUOHHaS
pelueTka, nonspous




5.3.12

MpakTnyeckme paboTbl. W3mepeHne nokasaTens npenomneHus.
UccnenoBaHne cBowncTB u3obpaxeHund B nuH3ax. HabniogeHue
ancnepcun ceeTta

6 QNEMEHTbI CMELMANBHON TEOPUN OTHOCUTENBHOCTW
6.1 paHuUbl  NPMMEHUMOCTWU  Kraccu4eckon mexaHuku. [locTynathbl
TEOPUM OTHOCUTENBHOCTU: UHBAPWAHTHOCTbL MOAYIS CKOPOCTU CBETa B
BaKyyMe, NMPVHLUUMN OTHOCUTENBHOCTU NHLITENHA
6.2 OTHOCUTENBHOCTL  OOHOBPEMEHHOCTU. 3aMearneHne BpeMEHn WU
cokpalleHve OnuHbl
6.3 OHeprusi 1 umnynec cBob60aHON YacTuLbl
6.4 CBs3b Macchl C aHeprmen n NMnynbLComM cBo6OAHON YacTulbl. QHEpPrns
nokost cBo604HON YacTuLbl
7 KBAHTOBAA ®U3NKA
7.1 SNEMEHTbLI KBAHTOBOW OMTUKW
7.1.1 doToHbl. Popmyna lNnaHka cBs3WM 3Heprum ¢oTOHa C ero 4YacTOTOM.
OHeprusi 1 umnynec oToHa
7.1.2 OTkpbiTME N uccnegosaHme oToadpdekta. OnbiThl A.l'. CToneTtosa.
3akoHbl hoToachdekTa
7.1.3 YpaBHeHne OnHWTeNHa pans dgoTtoacddekra. "KpacHass rpaHuua”
doToadhpekTa
714 Haenenue ceeTta. OnbiTol [1.H. Jlebenesa
7.15 Xumunyeckoe gencTeme ceeta
7.1.6 TexHuyeckne ycTponcTsBa: (POTO3NEMEHT, (poToAaTymK, CONHeYHas
GaTapes, ceeToanon
7.2 CTPOEHME ATOMA
7.2.1 Mogenb atoma TomcoHa. OnbiTbl Pe3epcopaa no uccnegosaHuio
CcTpoeHus atoma. NnaHeTapHas moaens atoma
7.2.2 MoctynaTel Bopa. N3nyyeHne u nornowieHmne poOTOHOB Npu nepexoae
aToma C OfHOrO YpOBHS 3Hepruu Ha apyron. Buael cnektpos. CnekTp
YPOBHEW 3HeprumM atoma sBogopoaa
7.2.3 BonHoBble cBowcTBa 4actuu. BonHbl e Bpownns. KopnyckynsipHo-
BOMNHoBOM Ayanuam. [udpakumsa anekTpoHOB Ha KpucTannax
7.2.4 CnoHTaHHOEe M BbIHYXAEHHOE MW3NyveHne. YCTPOWCTBO WM MPUHLMN
paboTbl Nasepa
7.25 TexHnyeckme yCTPOWCTBA: CMeKTparnbHbI aHanmM3 (ChekTpockon),
nasep, KBaHTOBbIA KOMMNbIOTEP
7.2.6 MpakTuyeckune paboTtebl. HabnogeHe nuHedaToro cnekrpa
7.3 ATOMHOE AOPO
7.3.1 MeToabl HabnoaeHMs 1 perncTpauum afieMeHTapHbIX YacTul
7.3.2 OTkpbITME pagmnoakTuBHocTU. OnbiThl Pesepdopaa no onpeneneHunio




cocTaBa paamoakTUBHOro usnydeHusi. CeownctBa anbda-, 6Geta-,
ramMmma-usnyyeHusi. BnmaHue pagnoakTMBHOCTU Ha XUBblE OPraHU3Mbl

7.3.3 OTKpbITUE MpPOTOHA W HeWTpoHa. HyknoHHas wmogenb sapa
lenseHbepra - WMeaHeHko. 3apsag sgpa. MaccoBoe uncno sgpa.
M3oTonbl

7.3.4 Anbda-pacnag. ONeKTPOHHbIV U NO3UTPOHHLIN GeTa-pacnaa. Mamma-
nsny4yeHue. 3aKoH paguoakTMBHOIoO pacnaga

7.3.5 OHeprusi CBA3M HYKMOHOB B gape. fAgepHble cunbl. Oedekt macchl
anpa

7.3.6 AnepHble peakuymn. [leneHve n cuHTes agep

7.3.7 AnepHbin  peaktop.  TepmosigepHbii  cuHTe3.  [lpobnemsl 1
nepcrnekTuBbl SAEPHON 3HEPreTUKN. DKOMNormyeckne acnekTbl SaAepHon
3HepreTukn

7.3.8 OnemeHTapHble yacTuubl. OTKpbITUE NO3MTpoHa. PyHOAAMEHTanbHbIE
B3aMMOEeNCTBUSA

7.3.9 TexHunyeckne ycTpomcTBa: OO3MMETP, kamepa BunbcoHa, sgepHbiv
peakTop, aTomHasa 6omba

7.3.10 MpakTuyeckne paboTbl. ViccnegoBaHue TpekoB 4YacTuvy (MO roTOBbIM
doTorpadusam)
OJIEMEHTbI ACTPO®U3UKU

8.1 Bug 3BesgHoro HebGa. Co3Be3gns, sipkMe 3Be3dbl, MMaHeTbl, MX
BMONMOE OBWXEHNE

8.2 ConHeyHas cuctema. lNMnaHeTbl 3eMHOW rpynnbl. MnaHeTbl-rMraHTbl 1
MUX CNYTHWKW, KaprvkoBble nnaHeTbl. Manble Tena ConHe4vHon
cucTemsbl

8.3 ConHue, cdotocdepa n atmocdepa. ConHevHas akTUBHOCTb

8.4 NcTouHmk aHeprmum ConHua u 3Besg,

8.5 3Be3[bl, UX OCHOBHbIE XapaKTepUCTMKU: Macca, CBETUMOCTb, paanyc,
TeMrepaTypa, ux B3aumocBA3b. [uarpamma “"crnekrpanbHbld Knacc -
CcBeTUMOCTbL". 3Be3dbl rMaBHOW nocnefoBaTenbHOCTU. 3aBUCUMOCTb
"Macca - cBeTMMOCTbL" 415 3Be3/ MaBHOM NocriegoBaTeNIbHOCTH

8.6 BHyTpeHHee cTpoeHue 3Be3n. CoOBpeMeHHble npeacTaBrneHnst o
nponcxXoXaeHum n apornoumm ConHua v 3se3n. Atanbl XKU3HW 3Be3]

8.7 MneuHbin IMyTb - Hawa Manaktuka. CnupanesHas cTpykTypa ManakTuku,
pacnpefeneHue 3Be3q, rasa W noinu. [lonoxeHne w ABMXEHUE
ConHua B T[lanaktuke. [lnockas u cdepuyeckas nNoACUCTEMBI
ManakTukm

8.8 Tunbl ranakTuk. Paguoranaktukn n kBasapbl. YepHble Abipbl B aapax
ranakTuk

8.9 BceneHHasa. PacwwupeHue BcenenHon. 3akoH Xab6bna. PasberaHue
ranaktuk. Bospact n paguyc BceneHHown, Teopus Bonbluoro B3pbiBa.
Mopgenb "ropsden BceneHHon". PennktoBoe nsnyyeHne

8.10 MacwTtabHas cTpykTypa BceneHHoi. MeTtaranaktuka. HepelueHHble

npo6remsl acTPOHOMUM




108) nyHkT 116 gononHuTb NoANYHKTOM 116.9 cnenyowero CogepXxaHus:

"116.9. [Ina npoBeOeHUss eOuHOro rocygapcTBEHHOro sk3amMeHa no ¢usmke (ganee - EM3 no
dusnke) mcnonb3lyeTcs nepeyeHb (kogudukaTop) npoBepsiemMbix TpeboBaHW K pesyrnbTaTaM OCBOEHUS
OCHOBHOW 0bpasoBaTeribHOM NporpaMmbl cpegHero obero obpasoBaHnst U ANIEMEHTOB COAEPKaHUS.

Tabnuua 14.4
Mpoeepsiemble Ha EI3 no dmsnke TpeboBaHus

K pe3ynbTaTam OCBOEHMS1 OCHOBHOI 06pa3oBaTeibHON NporpaMmbi
cpeaHero obulero obpasoBaHust

Kopg MpoBepsieMble TpeboBaHMSA K NPeAMETHLIM pe3dyribTaTaM OCBOEHWUsS] OCHOBHOW
NnpoBepsiemMoro obpasoBaTernibHOM NporpamMbl cpegHero obLiero obpasoBaHus
TpeboBaHusi
1 CdopmmnpoBaHHOCTb YMEHMIA pacno3HaBaTb pu3ndeckme aBneHus (npouecchl) u

0OBSACHATb MX HA OCHOBE N3y4eHHbIX 3aKOHOB

2 BnageHne ocHoBononaralowWwmMm (U3NYECKUMU MOHATUAMU U BENUYUHAMM,
XapaKTepusyLwmnMm dusmnyeckne npoLecch

3 CopMNpPOBaAHHOCTE YMEHUN MNPUMEHATb 3aKOHbI  KMNaCCUYEeCKOM MEXaHUKMW,
MONEKYNSPHOA (U3VKN W TEPMOLUHAMUKK, INEKTPOOUHAMMKN, KBAHTOBOM
du3mkn ans aHanmsa u oObACHEHMS SBMEHWA MUKpPOMMpa, Makpomupa u
Meramvpa, pasnuyartb ycrnoBus (rpaHuubl, 06nacti) NPUMEHUMOCTUN PU3NYECKUX
3aKOHOB, MOHUMATb BCEOOWMI XxapakTep yHAaMeHTarnbHbIX 3aKOHOB W
OrpPaHMYEHHOCTb MCMOMb30BaHUS YacTHbIX 3aKOHOB; aHanM3npoBaTtb Usm4eckue
NpOLIECChI, NCMOMb3Yysi OCHOBHbLIE NMOJTOXEHUSA, 3aKOHbI Y1 3aKOHOMEPHOCTU

4 CopMMpPOBaHHOCTb YMEHUA pasnuyaTb YCMOBUS MPUMEHUMOCTM Mopenei
hp13nYecknx Ten u NpPoLeccoB (ABNEHNIA)

5 CopMnpoBaHHOCTL YMEHUST pellaTb pacyeTHble 3ajavv C SBHO 3aJaHHOW U
HEeABHO 3afaHHOW (PU3MYECKOM MOAErNbi: Ha OCHOBaHWW aHanu3a Yycrnosud
BbIOMpaTh husmyeckne mogenu, oteevaroLme TpedboBaHnsaM 3agaun, NPUMEHSITb
opmMyribl, 3aKOHbI, 3aKOHOMEPHOCTM M NOCTynaTtbl (MU3NYECKUX Teopwuin npu
UCMonb30BaHMM MaTeMaTU4YeCKNX METOAOB peLLeHNs 3agad, NPoBOAUTb pacyeThl
Ha OCHOBaHUM UVMEILLMXCA [aHHbIX, aHanuaupoBaTb pes3ynbTaTbl U
KOppeKkTUpoBaTb METOb! peLleHns C y4eTOM NOoNyYeHHbIX pesynbTaToB

6 PewaTtb kayecTBeHHble 3agaudn, Tpebylolime NpUMEHEHUS 3HaHUM M3 pasHbIX
pas3fenoB LUKOSIbHOMO Kypca hM3MKK, a Takke WHTerpauuum 3HaHuih M3 Opyrux
npegMmeToB eCTeCTBEHHOHay4YHOro umkna: BbICTpamBaTb JTOMMYECKYH LEeno4Ky
paccyXOeHunn C ONopon Ha M3YYeHHble 3aKOHbI, 3aKOHOMEPHOCTU U n3ndecKkne
ABJ1IEHUA

7 BrnageHne OCHOBHbIMM MeTOAaMW Hay4yHOro MO3HaHWS, WCMOMb3yeMbiMU B
husnke: NpPoBOAUTb MPsIMble U KOCBEHHblE U3MEPEHUS DU3NYECKUX BESNUYMH,
BblOMpas onTMMarnbHbI CNOCO6 M3MEpPEHUS U UCNONb3yS M3BECTHblE METOAbI
OLIeHKM MOrpeLlHoCTeNn M3MEepeHu, NpPoBOAUTbL WCCrefoBaHWe 3aBUCUMOCTEN
PU3NYECKUX BENUYMH C UCMONb3OBAHMEM MPSMbIX M3MEPEHUN, OOBACHATb
noslydyeHHble pesyrnbTaThbl, UCMOMb3ya (PM3MYEeCcKMe Teopumn, 3aKOHbI U NOHATUSA, U
JenaTtb BbiBOAbI, cobntogaTtb npaeuna Ge3onacHoro Tpyga npu NpoBedeHMU
nccrnegoBaHun B paMkax y4ebHoro akcnepMmeHTa u y4ebHo-nccnegoBaTensckom
0eaTenbHOCTU C UCMNOMNb30BaHUEM LIMAPOBBIX U3MEPUTENbHbLIX YCTPOWUCTB W
nabopaTtopHoro obopyaoBaHus

8 CopMMpPOBaAHHOCTE  YMEHUI aHanuanpoBaTb W  OLEHMBaTb MOCNeACTBUS
ObITOBOM W MNPOW3BOLACTBEHHOW [OEATENbHOCTM 4YerioBeka, CBSA3AHHOM C
dusnyeckumm  npoueccamu, €  NO3ULMIA  3Korormyeckonm  6esonacHocTy;
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I'Ipe/J,CTaBJ'IeHMIZ O paudnoHanbHOM nNpupoaonoNnb3oBaHNK, a TakKkKe pa3yMHOM
NCMofb30BaHUN OOCTUXKEHUN Haykn un TEXHONOMMN Ana ganbHenwero Pa3BUTUA
Yenoseueckoro obLiecTsa

OBnageHne pasnuuHbiMM cnocobamu paboTbl ¢ MHOpMauunen U3N4ecKoro
cofepXaHus C UCMONb30BaHMEM COBPEMEHHbIX MHPOPMALMOHHBIX TEXHOJOMNN;
pasBuMTUE YMEHUA KPUTUYECKOrO aHanm3a 1 OLEeHKM OOCTOBEPHOCTU Nosydyaemomn
nHcpopmaLmum

10

CCbOpMVIpOBaHHOCTb ymeHvu7| NPUMEHATb OoCHOBONoNarawuwme actpoHoMmn4eckme
NOHATUA, TEOPUN N 3aKOHbI OJ1A aHann3a un 06 BbACHEHUSI CbVISVI‘-IeCKVIX npoueccos,
npouncxogdawmnx Ha 3ee3gax, B 3B€3HblX CUCTemMax, B MeXranakTu4eckomn cpene;
OBWXeHMs HeBeCHbIX Ten, aBonouun 3se3q 1 BceneHHom

Tabnuua 14.5

[MepeyeHb aNemMeHTOB coaepxaHus, npoepsaemblx Ha EIM3 no dumsmke

Kopg
pasgena/
TEMbI

NemMeHTa

Koa IMpoBepsieMblin 3NIEMEHT coaepXKaHus

1

MEXAHUKA

11

KMHEMATUKA

1.1.1 MexaHunyeckoe paBwmkeHue. OTHOCUTENbHOCTb MeXaHu4veckoro aBwxeHus. Cuctema

OoTCc4eTa

11.2 MaTtepunanbHas Touka. z TPackTopua

Ee paaunyc-BekTop:

r(t)=(x(t),y(t).2(t)),

TpaekTopus,
nepemelleHue:

CnoxeHue nepemeLLeHn:

AT, = AF, + AF,

=Yy

1.13 CkopocCTb MaTepuanbHON TOYKN:
. Ar ¢
D =— = t :(Ux’uy’UZ),
At At—0
AX : . ,
oy :Xt =X, ananornuo Uy =Y, U, =7,

At—0

CnoxeHue ckopocteit: U =0, + U,

BbluncneHne nepemMeLlieHmna mn nytum MaTepmaanoPl TOYKM TMpuU I'IpﬂMOﬂI/IHeVIHOM




ABVXEHUW BAOJIb OCU X MO rpadduky 3aBucUMocTn Vy (t)

1.1.4 _AD N
YcKopeHue MaTepuarnbHom Touk: & = —— =0 = (ax’ay’az) :
At At—0
Av, - - .
a = At = (v, )t, aHanormyHo a, = (Uy )t, a,=(v,),.
At—0
1.15 PaBHOMepHOE NpAMONUHENHOE ABMKEHMNE:
X(t) = X, + 0yt
v, (t) = v, =const
1.16 PaBHOycKkopeHHOe NpsiIMONUHEHOE ABUXKEHUE:
2
a
X(t) = Xo + Uyt + =
2
O, (1) =0y, +a,t
a, =const
2 2
U,y =0y = 2ax (X2 _Xl)
v+,
mn S= -t
pv ABWXKEHMM B OOHOM HanpasrieHnu NyTb
1.1.7 CBobogHoe nageHue. YckopeHue CcBODOOHOMO
nageHus. [BwxeHue Tena, OpOLWEHHOro noa
yrnom & Kk ropusoHTy:
X(t) = Xo + Vgt = X, + 0, COS 01t
2 2
gt . t
Y(t)= Yo + 0yt +—L— =y, +0,5in at-L
2 2
L, (t) = Uy, = U, COSa
v, (t)=vy, +9,t =0v,sina—gt
9,=0
g, =—g = const
1.1.8 KpuBonuHeriHoe aBuxeHne. [IBMxeHne matepuanbHOM TOYKM MO OKPYXXHOCTMU.

Yrrnosas n fiMHenHasa CKopoCTb TOYKN: U = oR . [Mpn paBHOMEPHOM ABWXEHWUU TOYKM MO

2n
OKpY>XHOCTN ®© = T =2nv.

2
(% 2
LleHTpocTpeMuTenbHOEe YCKOpeHue Touku: a :E:m R. MonHoe yckopeHue

e




MaTepMaanon TOYKMN

1.1.9 Teepgoe Teno. lNoctynatensHoe 1 BpallaTenbHOe ABUKEHME TBEPAOro Tena
1.2 OVHAMUKA
1.2.1 MHepuunanbHble  cuctembl  oTcyeTa. [lepBbii  3akoH  HbioToHa.  [puHumn
OTHocuTenbHocTh Manunes
1.2.2 m
Macca Tena. MNnoTHoCcTb BewecTBa: P = V
1.2.3 F -F+E
Cwvna. MpuHuMN cynepnosnumm cun: Fpauomeiiers = M1 T oo
124 BTopow 3akoH HbtoToHa: ana matepuansHon Todkmn B MUCO
F=ma: AP =FAt npu F = const
1.25 Tpetuin 3akoH HbloToHa AnNa  MatepuanbHbIX 8
Touek: F, =-F, Fy £
1.2.6 3aKOH BCEMUPHOIO TATOTEHUS: CUMbl NPUTSXKEHUS MeXAY TOYE€YHbIMU Maccamu paBHbI
mlmZ
F=G=1;
Cuna tsbkectn. LleHTp TskecTu Tena. 3aBUCUMOCTb CUIbl TSDKECTUM OT BbICOTbI h Hag
NOBEPXHOCTbLIO NfaHeTbl pagnycom Rg:
mg = GMm
TS N2
(R, +h)
1.2.7 Cwuna ynpyroctu. 3akoH N'yka: F, = -kx
1.2.8 Cuna TpeHusa. Cyxoe TpeHue.
Cwuna TpeHusi CKONbXeHUs: Fm =uN .
Cuna TpeHusi Nokos: Fp<uN_
KoadhdbunumeHT TpeHus
1.2.9 |
Naenenve: P = S
1.3 CTATUKA
131 MOMEHT Ccunbl OTHOCUTESIbHO OCK BpaLLeHUs:
|M| = F|, roe | - nnevo cunbl F - oTHOCHTENBHO
ocu, npoxoasatuen yepes TOYKY O
nepneHauKyNApHO PUCYHKY EF
1.3.2

L mEp+mi -+

LleHTp macc Tena. LleHTp macc cucteMbl MaTtepmarsbHbIX TOYEK: o =
m+m,+...

B 0HOPOAHOM Morne TSKeCTu (g = ConSt) LIeHTP Macc Tena coBnajaeT C ero LeHTPOM




TAXECTU

1.3.3 M1+M2+...=0
YcnoBus paBHoBecus TBepgoro tenaB NCO: | = = .
+F+..=0
1.34 3akoH [Mackans
1.35 - . p=np.+pah
JlaBneHve B xugkocTH, nokoswwenca B UCO: P = Py +pg
136 3akoH Apxmnmepna: FApx = _P:;mem )
ecnu Teno u xmakocTtb nokoATca B ICO, TO Fayx = PGVaurecn
YcnoBue nnaBaHus Ten
1.4 3AKOHblI COXPAHEHWA B MEXAHUKE
141 MmMnynbc maTepmanbHON TOYKK: p=mo
14.2 Wmnynbc cuctembl Tem: P =P+ P, +...
1.4.3 3aKoH N3MEHEHUS U COXpPaHEeHUs UMNyrbca:
BUCO AP =A(P,+ B, +...) = Py AL+ Py AL+
B CO A_p = A( rjl + ﬁz + ) = 0 , €Cnn FlBHemH + F2BHeLUH = 0
PeaktnBHoe apwmxkeHne
1.4.4 PaboTta cunbl Ha Manom nepemeLLeHnm: JE:
A:‘ﬁ‘~|AF|-COSa=Fx-AX ““‘::E/L:_
AF x
1.45 MoLlHoCTb cunbl: "
ecnu 3a Bpemss At paBota cunbl uameHsieTcs Ha 0o F
AA | To MoLLHOCTb CUMbI -
()]
AA
P=— =F-v-cosa
At At—0
1.4.6 ) mo? p2
KuneTuueckas aHeprus matepuansHom Touku: E = =—
2 2m
3aKOH W3MEHEHMSI KUHEeTUYECKOM SHEpPrMM CUCTEMblI MaTepuarbHbIX TOYEK: B
nco AE_ =A +A, +..
1.4.7 [NoTeHunanbHasa aHeprus:

ONnsa noTeHuuManbHbIX CUn Alz = Elnmﬂu - Ez,me.m = —AEHOMH .

MoTeHumanbHas dHeprns maTtepuanbHONW TOYKM B OLHOPOOHOM MOJie TSXKECTU: Egren =
mgh.




[NoTeHumanbHas 3Heprma ynpyro ﬂ,e(bopMI/lpOBaHHOFO Tena:

kX2

noTeHy 2

1.4.8 3aKoH N3MEHEHUS N COXPaHEHUSA MEXaHUYECKOW SHEPTUN:
Evex = Exm + Enorenus
B MCO AEMCX = ABCGX HECIMOTCHII. CHIT 3
B NCO AEmex =0 , €CINN Agcex HEmoTeHL,. cun — 0
15 MEXAHWYECKME KONEBAHUA 1 BOJTHbI
15.1 FapmoHnyeckue konebaHus maTepumanbHOW Touyku. AmMnnutyga wm ¢asa konebaHun.
KuHemaTuueckoe onncaHue:
x(t) = Asin(ot+¢,),
v, (t)=x,
' 2 2
a, (t) = (UX )t =—-0 X(t) =>a,+0X=0, rge Xx - cmelleHMe U3 NOMNOXKEHUS
paBHOBECUS.
OnHamunyeckoe onucaHue:
ma, = -kx, roe kK = mo’ . 310 3HauuT, 4yTOo F, = -kX.
OHepreTnyeckoe onucaHue (3akoH COXpaHEHMsI MEXaHUYECKOWN 3HEPTUN):
2 2 2 2
mo°  kx® mo
+—=—DI%—_— —const
2 2 2 2
CBA3b amnnuTygbl KonebaHwui CMeLleHUs MaTepuanbHOM TOYKM C  aMnnuMTygamu
konebaHui ee CKOPOCTU U YCKOPEHUS:
Ve =OA @, =0’ A
Mepuoa v yacTtoTa konebaHun: T= ; = ; .
I
Mepurog manbix cBO60AHBIX KONEBaHUN MaTeEMaTUYECKOro MasiTHUKa: T=2n a .
. m
Mepuoa cBo6oaHbIX KonebaHWil NPYXMHHOTO MasTHuKa: | = 27 M
153 BbiHyxaeHHble konebaHus. Pe3oHaHc. Pe3oHaHcHasi KpyBasi
154 lMonepeyHble 1M npofonbHble BOMHbl. CKOPOCTb PacnpoOCTPaHEHWs W OJfIMHA BOJHBbI:
v
A=0T =—
v
WHTepdepeHuns n audpakuns BONH
155 3Byk. CKOpOCTb 3BYKa




MONEKYNAPHAA ®oN3NKA. TEPMOONHAMNKA

2.1

MONEKYNAPHAA ®U3NKA

211 Mogenu cTpoeHus rasos, Xugkoctem u TBepAbix Ten. [lycTb TepmoguHamudeckas
cuctema (Teno) coctout m3 N oguMHaKkoBbIX MOnekyrn. Torga KOnMYecTBO BeLlecTBa
N m
N, n’
rae Na - uncno Asoragpo, m - macca cuctemsl (Tena), M - monsipHasi macca selectea
21.2 Tennosoe ABWXeHNE aTOMOB 1 MOMEKyN BellecTBa
2.1.3 B3anmopenctBue yactuu, BewecTsa
214 Oundhdpysns. BpoyHoBCKoe ABMXKEHME
2.15 Mopenb ngeansHoro rasa B MKT
2.16 CBA3b Mexay QaBneHuem W cpedHern KUHETMYECKOW SHeprner nocTynaTenbHOro
TennoBoro ABMXeHUs MOoMeKkyn naeanbHoro rasa (ocHoBHoe ypaBHeHne MKT):
p 1mn? 2n My’ an Y n N
== =-Nn: =-Nn- , TAe mgy - macca ogHonm monekynel, =+ -
3 0 3 2 3 mocT 0 y. V
KOHUEHTpaunsi MoneKyn
2.1.7 AbcontoTHas Temnepatypa: T =1° + 273 K
2.1.8 CBA3b TemnepaTypbl rasa CO CpedHEeN KUMHETMYECKOW SHeprmen nocTynaTeribHoro
TENnmnoBoro ABMXKEHUS ero MOneKyr:
2
il LI
oCcT
2 2
2.1.9 YpaBHeHue p = nkT
2.1.10 Mogenb ngeanbHoro rasa B TepMOANHaAMUIKE:
VYpasuenue Mengeneesa — Knaneiipona
BripaxkeHue 111 BHyTpEHHEH dSHEPruu
YpaBHeHve MeHgeneeBa - KnanenpoHa (npyMeHumble hopMbl 3anucu):
m RT
pV =—RT =vRT =NKT p="—
n n
BblpaxeHue Ons BHYTPEHHEN 3HeprumM ogHOaTOMHOro ugeansbHoro rasa (MpMMeHuMble
dopMbI 3anucK):
3 3 3m 3
U==vRT ==NkT ==——RT :VCUT = — pV
2 2 2 1 2
2.1.11 3akoH [JanbToHa ANS AaBneHMs CMECU Pa3peXEHHbIX ra3oB:
p=ps+p2+t..
2.1.12 M3onpouecchbl B paspexxeHHOM rase C NoCTOsIHHbIM Yucnom Monekyn N (C NOCTOSIHHbIM

KONMM4ecTBOM BeulecTea v ):




nsotepma (T = const): pV = const,

P _
nsoxopa (V = const): T const |

<

u3obapa (p = const): = const

"padunyeckoe npencraBneHne nsonpoueccos Ha pV-, pT- n VT-gnarpammax.

OObeanHEHHbI ra30BbIN 3aKOH:

ﬂ = const
T

Ana NOCTOAHHOIo Konim4decTtBa BellectBa v

2.1.13 HacbllweHHble U HeHacblWweHHble napbl. KayecTBeHHast 3aBUCUMOCTb MNOTHOCTU U
OaBIieHNsl HacbIWEHHOro napa OT TemnepaTypbl, MX HEe3aBUCUMOCTb OT 06bema
HacbILLIEHHOro napa

2.1.14 BrnaxHocTb BO3gyxa.

P Pun(T)
OTHocuTenbHas BnaxHocTb: @ = T T
pHaCB]H_[. napa ( ) pHach. napa ( )

2.1.15 MameHeHue arperatHbIX COCTOSIHUW BeLlecTBa: McCnapeHue U KOHAEeHCauus, KuneHue
XNOKOCTH

2.1.16 M3ameHeHue arperaTtHbIX COCTOSIHUI BeLLeCTBa: NnaBneHre u Kkpuctannuaaumns

2.1.17 MpeobpasoBaHue aHeprum B ha3oBbIx nepexogax

2.2 TEPMOONHAMWKA

221 Tennosoe paBHOBecHe N TemnepaTypa

2.2.2 BHyTpeHHsa aHeprus

223 Tennonepepava Kak cnocob nsameHeHuss BHyTpeHHen aHeprun 6e3 coBeplueHns paboTbl.
KoHBekuMs, TENNONPOBOAHOCTb, M3Ny4YeHne

224 KonuyecTtBo TennoTsbl.

YpaenbHasa TeNnoeMKoCTb BellecTsa C: Q =cmAT

2.25 YaenbHas TennoTta napoobpasoBaHus L: Q = Lm.
YpenbHas TennoTa nnasnenus A : Q=am,
YpaenbHas TennoTa cropaHust Tonnmea q: Q = gm

2.2.6 OnemeHTapHass pabota B TepMOOUHAMUKE: A= PpAV | Buuncnenve paboTbl Mo
rpacmky npouecca Ha pV-guarpamme

2.2.7 [NepBbii 3aKOH TEPMOLMHAMUKN:

Q12 :Aulz +A12 :(Uz _U1)+A12-




Annabara:

le =0= A12 :Ul_UZ :_AUlZ

2.2.8 BTopow 3akoH TepmoauHamukn. Heobpatumble npoueccol
2.2.9 MpuHUUMNbI gencTBms Tennosblx MawunH. KMd:
— Asa LUK — QHan _|QXOJ1 — _ |Qx0n
QHarp QHarp QHar‘p
2.2.10 MakcumansHoe 3HaveHne KI. Lukn KapHo:
Ty =T
_ _ Harp X0 _
max n= nKapHO - T =1-—=
Harp Harp
2.2.11 YpaBHeHue TennoBoro 6anaHca: Q; + Q, + Qs +...=0
3 ONEKTPOOMHAMUKA
3.1 OJIEKTPUYECKOE NONE

3.11 OnekTpusauus Ten M ee nposiBneHus. JnekTpudeckun 3apsa. [Ba Bupga 3apspa.

OneMeHTapHbIN 3NEKTPUYECKNiA 3apag. 3akoH COXpaHEHUS ANEKTPUYECKOro 3apsiaa
3.1.2 Bsanmopencteue 3apsagoB. ToyeuHble 3apagbl. 3akoH KynoHa:

B OQHOPOJHOM BELLECTBE C ANINEKTPUYECKON MPOHNLIAEMOCTbIO &

F =k |q1|'|q2| _ 1 _|q1|'|q2|

- 2 2
er 4mee, r

3.13 OnekTpuyeckoe none. Ero gencreme Ha anekTpuyeckme 3apsgpl
3.14 _ E

Hanpsi>keHHOCTb 3NEeKTPMYECKOoro nons: E=

qnpo61-u>u7|
E =k

lNone Toye4vHoro 3apgaga: &, = r—2

oOHOPOAHOE nore: E = const .

KapTuHbl NMMHWMI HANPsPKEHHOCTU 3TUX Monen
3.1.5 MoTeHuManbLHOCTb 3NEKTPOCTaTUYECKOro Nons.

Pa3HOCTb noTeHumManoB U Hal'lpﬂ)l(eHVle:

A, =9(0,—9,)=-9A¢=qU .

rlOTeHU,MaJ'IbHaﬂ QHEeprmna 3apaga B 3JIEKTPOCTAaTUYECKOM none:
W=qe.

A=-AW




W

MNoTeHumnan ANEeKTpoCTaTn4eCKoro non4: ¢=—

CBA3b  HaNPSKEHHOCTM MNOMsi W pPas3HOCTM MOTEHUManoB Anst  O4HOPOAHOro
anekTpocTtatmnyeckoro nond: U = Ed

3.1.6 IMpuHUKMN cynepnosnumnm aNeKTpU4eCKnx nonen:
E=E+E,+..,0=0,+0, +...
3.1.7 [MpoBogHUKM B anekTpocTaTMdeckoMm none. YCnoBue paBHOBECUS 3apsaoB: BHYTPU
r
NpoBOAHMKA E — (), BHYTPU 1 HA NOBEPXHOCTU NPoBOAHMKa P = Const
3.1.8 LOuanekTpukn B anekTpocTaTudeckoMm none. [uanektpudeckas MNPOHULAEMOCTb
BellecTea ©
3.1.9 q
KoHnageHcaTop. ONekTpoeMKoCcTb KOHAeHcaTopa: C= U
€€,S
OnNeKTpPOEMKOCTb MSIOCKOro KOHAEeHcaTopa: C= d = SCo
3.1.10 MNapannenbHoe coegnHeHne KOHOEHCaTOpPOB:
q = q]_ + QZ + ..., U]_ = U2 = ..y Cnapann = Cl + C2 + ...
lMocnepoBaTtenbHoe coeguUHEHNe KOHOEeHCaTOPOB:
1 1 N 1 N
U:U1+U2+...,q1:qZ:..., =S T e
Cnocn 1 CZ
3.1.11 qu CcuU 2 qZ
OHeprus 3apskeHHoro konaeHcatopa: W, = — = =—
2 2C
3.2 3AKOHbI MOCTOAHHOIO TOKA
Cuna toka: | =— . MocTosiHHbIN TOK: | = const
At At—0
[ns noctosaHHOro Toka q = It
3.2.2 YcnoBus cyLecTBOBaHUA SNEKTPUYECKOro Toka.
Hanpsxxenune U n 3C E
3.23 U
3akoH OmMa ang yyacTka uenu: I = E
3.24 OnekTpuyeckoe  conmpoTuBneHne. 3aBMCMMOCTb  COMPOTUBIIEHUST  OOHOPOLHOrO
|
NPOBOAHMKA OT ero AMNnHbI N cedeHns. YaenbHoe ConpoTUBEHNE BeELLEeCTBa. R= Pg
3.25

tTOpOHHI/IX Ccun

q

McTouHnkn Toka. 3C UCTOYHUKA TOKa: E=




BHyTpeHHee conpoTtunBiieHne NCTOYHMKa TOKa

3.2.6 3akoH Oma gns norHonm (3aMKHYTOW) anekTpudeckon uenu: E E.r
I _E — R
=IR+Ir, otkyna | = T
v R+r
3.2.7 MapannensHoe coeguHeHne NPOBOLHUKOB:
1 1
I=l++..,U=Up=.., ———+R—+---.
TIapasut 1 2
[NocnepoBatenbHoe coeanHeHe NPOBOOHNKOB:
U= Ul + U2 + ..., |1 = |2 =y Rnocn = Rl + R2 + ...
3.2.8 Pabora anektpuyeckoro Toka: A = [Ut.
3akoH [xoyns - JleHua: Q = I°Rt.
2
5 U
Ha peanctope R: Q = A= 1Rt = |Ut =—R t
3.29 AA
MoLyHOoCTb anekTpuyeckoro Toka: © = _At =1U .
At—0
U 2
2
TennoBas MOLLHOCTb, Bblaensemas Ha pesuctope: P =1"R = ? =1U.
i P — AA\CT.CMH — EI
MoLLHOCTb UCTOYHMKA TOKa: TE —At
At—0
3.2.10 CBobogHble HOCUTENM  3MeKTpUYEeCcKMX 3apsaoB B MpoBOAHUKaxX. MexaHusmbl
NpOBOAMMOCTU TBEPAbIX METansfoB, pacTBOPOB M pacnsiiaBOB 3MEeKTPOSIMTOB, rasos.
MonynposoaHukn. MNMonynpoBoaHUKOBLIN Anoa
3.3 MAIHUTHOE MOJIE
3.3.1 MexaHnyeckoe B3aumogencTBMe MarHutoB. MarHutHoe none. Bektop MarHuMTHOM
WHAYKUMK. TpUHLMA cyneprosnumn MarHuTHeIx nonen: B =B, + B, +...
JIMHUM  MHOYKUMM MarHWTHoro nons. KapTuHa nWHWIA WHAYKUMW MarHWTHOro Mons
NMonocoBOro 1 NoAKoBOOGPAa3HOro NOCTOSIHHBIX MarHUTOB
3.3.2 OnbiT Opctega. MarHuTHOe none nNpoBOAHMKA C TOKOM. KapTvHa RMHUA WHAYKLMK
MarHUTHOrO MOMsi AOJSIMHHOrO MpPsIMOr0  MPOBOAHWKA W 3aMKHYTOrO  KOMbLEBOro
NPOBOAHMKA, KATYLUKN C TOKOM
3.3.3 Cuna Amnepa, ee HanpasneHne N BenuimHa:
Fy, = IBl sina | rge O - yron mexay HanpasneHnem nposogHmka n BekTopom B
334 \cunan . Fy,, =|0|uBsina o
una JlopeHua, ee HanpaBneHe N BenuuuHa: oy , rae % - yron mexay
BekTopamu U 1 B . [IBUKEHUE 3apsKeHHOM YacTHLbl B OAHOPOAHOM MarHUTHOM Mone
3.4 ONEKTPOMAINHUTHAA MHOYKUNA




34.1 [MoTok BekTOpa MarHUTHON UHOYKLUK: ﬁ T B
®=B,S=BScosa %“E
3.4.2 fBneHne anekTpomarHuTHon nHaykuum. 34C nHaykumm
3.4.3 3aKoH aneKkTpoMarHUTHOM MHAykumMn ®apages:
_ AD
i T =%
At At—0
3.4.4 OC vHAayKuMM B NPSAMOM NPOBOAHMKE AJTMHOM |, B .
LBWXYLLEMCS! CO CKOPOCTbt0 U (5 Ll ) B g e
O[HOPOOHOM MarHuTHom none B:
’/'( /
H= <)/
[ \——— G
|Ei| =Blvcosa, rge @ - yron mexay BekTopom B 1 Hopmansio I k nnockocTy, B
KOTOPOW NnexaT BEKTOPbI T n U ; ecnu M BuolB , TO |Ei| =Blv
345 MpaBwuno JleHua
3.4.6
MHOYKTUBHOCTB: L= I_ mnn & = LI
Al :
CamouHgykums. 3C camonHaykumm: Es=-L— =-LlI,
At At—0
3.4.7 LI2
OHeprusi MarHUTHOro nons katywwku ¢ Tokom: W, = ——
35 ONEKTPOMAIHUTHBIE KONEBAHNA N BOJTHbI
3.5.1 KonebatenbHbii  kOHTYp. CBo6GOAHbIE  9nEeKTpOMarHWUTHbIE |
konebaHus B ngeanbHOM konebaTenbHOM KOHTYpe: o 2L
T
q(t) = Gpa Sin (ot + ;)
1 (t) =0, = @0y, cOs(0t+¢,) = I,,co8 (0t +¢p)
21 1
dopmyna TomcoHa: T =27+ LC ,otkyga O = —=—F7—.
pmy. yA T JLC
CBsi3b aMnnMTydbl 3apsga KoHOeHcaTopa C amrnuTygor Cunbl TOKa Mpu CBOGOAHBIX
|
aneKTPOMarHUTHbIX KonebaHusx B uaeansHom konebatensHoM koHType: Umax = —
3.5.2 3aKkoH coXpaHeHMWs 3Heprun B naearnbHOM konebatensHOM KOHType:




mﬁ+LP_cugﬁ_u2

=—"% =const.
2 2 2 2
3.5.3 BbIHy>XAeHHble aneKkTpomarHuTHble konebaHus. PesoHaHc
354 lMepemeHHbIV TOK. [1pOM3BOACTBO, Nepeaaya u NoTpebneHne aneKTpMYecKon aHeprum
3.55 CBoKicTBa  9NEKTpOMarHUTHbIX  BOMH. B3auMmHasa  opueHTauuMsi BEKTOpOB B
3neKkTpomarHMTHoi BonHe B Bakyyme: E L B 1 C
3.5.6 Lllkana aneKkTpoOMarHUTHbIX BOMH. [NpuUMeHeHue aneKkTPOMarHUTHbIX BOSIH B TEXHUKE U
ObITy
3.6 OMNTUKA
3.6.1 lNpamonuHenHoe pacnpocTpaHeHne cBeTa B O4HOPOAHON cpefe. TOYeYHbIN UCTOYHUK.
Jlyd cBeTa
3.6.2 3akoHbl oTpaxeHusi ceeta. 00 = p
3.6.3 MocTpoeHmne nsobpaxeHnii B NNOCKOM 3epkarne
3.6.4 3aKkoHbl MpenomneHus ceeta.
Mpenomnenue ceeta; NSIN =N, sinf "
ABCONIOTHBIN NoKa3aTernb NPenoMneHns:
c
naGC - .
1))
_n, v
OTHOCUTENbHbIN NokasaTenb npenomnerns: Nom = n_ = U_ .
1 2
Xopa ny4yer B npusme.
CooTHOLEHMe YacToT U COOTHOLLEHMEe ONWUH BOMH NpU nepexoae MOHOXPOMaTUYeCcKoro
cBeTa yepes rpaHuvuly pasgena AByX ONTUYECKUX Cpea:
V=V, DA =N,
3.6.5 [MonHoe BHYTpeHHee oTpaKeHue.
MpegenbHbIn  yron  MNOMHOTO  BHYTPEHHEro n,<n, 1,
OTpaXeHwust:
. 1 n,
sing, =—=—%
p
OTH nl
3.6.6 Cobupatowme u paccemBaroime IMH3bl. TOHKas JNnKMH3a. POKYCHOE paccTosiHue wu
1
onTUYECKast CUna TOHKOM NMH3bl: D = E
3.6.7 dopmyna TOHKOWN NUH3bI: d ™
A
1 1 1
4= H r
d f F




YBennyeHne, gaBaemMoe JIMH30M:

H d° 1
D<0=F==<0,
B cnyyae pacceunBatoLen nmH3bI: D

F=£:m<1
H d

3.6.8

Xoa nyya, npollefllero nNMH3y nog nNpou3BOSibHbIM YINIOM K €€ rMaBHOW OMTUYECKOW
ocu. [locTpoeHne wu3obpaxeHun TOYKM M OTpe3ka npsiMoM B cobuparowmx u
paccenBaloLLMX NIMH3ax U UX cucTemax

3.6.9

doToannapar kak onTudeckuin npubop. MNas kak onTuyeckas cucrtema

3.6.10

NHTepdepeHumns ceeTa. KorepeHTHble NCTOYMHUKK. YCIoBUS HabNogeHUst MakcMyMOB 1
MUHUMYMOB B WHTEP(EPEHLMOHHON KapTWHE OT [ABYX CUH(Aa3HbIX KOrepeHTHbIX
NCTOYHMKOB:

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

A
MUHUMYMbI - A = (2m +1)§ ,m=0,+-1,+/-2,+/-3, ..

3.6.11

Oundpakuma ceeta. [dudpakunmoHHass pelweTka. YcrnoBue HabnwoaeHust naBHbIX
MaKCMMYMOB NPV HOPMasibHOM NageHMUn MOHOXPOMAaTUYECKOro cBeTa C OANIMHOW BOJHbI

A Ha pelieTky ¢ nepuoaom d:

dsing, =mA m=o0, +-1, +-2, +/-3, ...

3.6.12

Owucnepcusa ceeTa

KBAHTOBAA ®UN3UNKA

4.1

KOPMYCKYNAPHO-BOIHOBOW YANN3M

41.1

MnoTesa M. Mnakka o kBaHTax. dopmyna Mnanka: E = hv

41.2

hc
doTOHBI. DHeprus doToHa: E =hv = o = pc.

hv

h
n c potoHa: P=—=—=—
MMynNbC POTOH c Y

4.1.3

doToachdpekTt. OnbiThl A.lIN. CToneToBa. 3akoHbl hoToahdekTa

414

YpaBHeHuve JiHWTenHa ans goTtoaddexra:

Egorora = Asuixona + Exun maxs

hc hc m 1)2
r'D'e E(bOTOHa - hv B 7, &HXOHa - hVKp - 7\‘_ ) E](m-lmax = 2max = eU 3an

Kp

4.1.5

[asneHne ceeTa. [JaBneHue cBeTa Ha MNOMHOCTLIO OTpaXxawLlyo NOBEPXHOCTb U Ha
NOJTHOCTbIO nornowarmLlyro NoBepXxXHOCTb




4.2 ®UN3UKA ATOMA
421 [MnaHeTapHaa mogenb aToma
4.2.2 Moctynatel Bopa. NanyyeHne u nornowieHme GOTOHOB NpKU Nepexoge atoma C OAHOro
YPOBHS 3HEPrmn Ha ApYrou:
hc
hv . =—=|En — Em|
an
4.2.3 JInHenyatble CNekTpbl.
CnekTp ypoBHel aHeprumM atoma Bogopoaa:
-13,6 3B
E, =—z n=123..
4.3 OUBNKA ATOMHOIO AOPA
43.1 HyknoHHasa mopgenb dgpa [enseHbepra - ViBaHeHko. 3apsag sgpa. Maccosoe uncno
sapa. sotonbl
4.3.2 PagnoaktneBHOCTb.
Anbda-pacnag; X 55 Y + jHe
BeTta-pacnag.
. A A 0 ~
Snektponhbiit B-pacman: ;X =7, Y + " e+v, .
< A A 0 ~
Moautponnbiit P-pactan: 7 X =7, Y + J8+v
Mamma-usnyyenune
4.3.3 _t
3akoH paguoakTMeHoro pacnaga: N (t) =N,-27.
_t
MycTb m - Macca pagvMoakTMBHOro BelllecTsa. Toraa m(t) =m,-27
43.4 AnepHble peakuun. fleneHne n cuHTes aaep




