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Koaudukarop
NpoBepsieMbIX TPeOOBaHMIl K pe3y/1bTaTaM 0CBOEHHUSI OCHOBHOI
o0pa3oBaTeIbHOI MPOrpaMMbI cpeHero o01ero 00pa3oBaHus U 3JIEMEHTOB
co/iep;KaHus A5 NIPOBEJCHH eAMHOI0 roCyJapCTBEHHOI0 IK3aMeHAa
no ®U3NUKE

Komndukatop mnpoBepsieMblx TpeOOBaHMH K pe3yiabTaTaM OCBOCHUS
OCHOBHOW 00pa30BaTelIbHOM MPOTPaMMBI  CpeqHero oO0mero oOpa3oBaHUs
1 3JIEMEHTOB COJCPKaHUS U NPOBEICHHS SMHOTO TOCYJapCTBEHHOTO 3K3aMeHa
no ¢muke (mamee — KOAM(DHKATOpP) SBISIETCS OIHMM M3 JIOKYMEHTOB,
OTIPENENAIOMNX CTPYKTYPY M COAEp)KaHWE KOHTPOJIBHBIX H3MEPUTEIBHBIX
MmarepuanoB (manee — KHMM). Komudukarop sBiasercs cucTeMaTH3MPOBAHHBIM
MEepeyHeM TIPOBEpsieMBIX TpeOOBaHHWIT K pe3yjabTaTaM OCBOCHUS OCHOBHOH
00pa30BaTeIbHON TNPOrpaMMBI CpEeIHEro oOImiero o0pa3oBaHUS W 3IEMEHTOB
coJiep KaHHsI, B KOTOPOM KaXKIOMY OOBEKTY COOTBETCTBYET ONpPENSIEHHBIH KOI.

KomndukaTop moOKa3eIBaeT INPEEMCTBEHHOCTh MEXTY ITOJNIOKECHHAMH
(heneparabHOro rocyAapcTBEHHOT0 00pa30BaTENbHOTO CTaHAAPTA CPEHETO O0ILEro
obpazoBanus (manee — ®I'OC COO) (mpukaz MwuHHCTEpCTBa O0pa3oBaHUS W
Haykn Poccuiickoit ®enepanmu ot 17.05.2012 Ne 413 ¢ u3MEHEHHUAMH,
BHECEHHBIMM IIpuKazaMu MuHucTepcTBa o0OpazoBaHuss M Hayku Poccuiickoit
Oenepanuu o1 29.12.2014 Ne 1645, o1 31.12.2015 Ne 1578, o1 29.06.2017 Ne 613,
npukazamu MunmnctepcTBa npocsemenust Poccuiickoit denepamun ot 24.09.2020
Ne 519, or 11.12.2020 Ne 712) u ¢emepaqbHOTO KOMIIOHEHTA TOCYAAPCTBEHHOTO
00pa3oBaTeNFHOTO CTaHIapTa CpeHero (MoJHOro) obmero odpasoBaHus (IpHUKa3
MunoGpazoBanusi  Poccuiickoit ~ @enmepanmu ot 05.03.2004  Ne 1089
«06 YTBEP)KICHUU (enepanapHOTO KOMITOHEHTa TOCYJapCTBEHHBIX
00pa3oBaTeNbHBIX CTaHJAPTOB HAdYalbHOTO OOIIET0, OCHOBHOTO O0OIIero M
cpeaHero (mojgHoro) ooOmiero oOpa3oBaHUS) € U3MEHEHUSIMH, BHECEHHBIMHU
npukaszamMu MuHHCTepcTBa 0Opa3oBaHus W Hayku Poccuiickoii ®Denepanuu
ot 03.06.2008 Ne 164, ot 31.08.2009 Ne 320, ot 19.10.2009 Ne 427, ot 10.11.2011
Ne 2643, o0r24.01.2012 Ne39, or31.01.2012 Ne 69, ot123.06.2015 Ne 609,
ot 07.06.2017 Ne 506) o duzmke.

Komudukarop cocTont u3 AByX pasaeinos:

— pasgen 1. «IlepeueHs mpoBepseMBIX TPEOOBAHUH K pe3yIbTaTaM OCBOCHUS
OCHOBHOH 00pa3oBaTeNbHOIl IporpaMMBI  CpelHEro oomero oOpa3oBaHHs
o puzuke»;

— paznmen 2. «llepeyeHb 3JIEMEHTOB COAEpIKAaHUS, MPOBEPIEMBIX Ha E€IUHOM
TOCYapCTBEHHOM 3K3aMEHE 10 (PH3HKE».

B komudukaTop He BKIIOYEHBI TpPeOOBAaHMSA K pe3ylbTaTaM OCBOCHUS
OCHOBHOM 00pa30oBaTelbHOM MPOrpaMMBl  CpeqHero oOIero oOpa3oBaHUs
U DJIEMEHTHl COMAEpKaHMsA, JOCTIKEHHE KOTOPBIX HE MOXET OBITh IPOBEPEHO
B paMKaX TOCYJapCTBEHHOI HTOTOBOH aTTEeCTAIIHH.
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Pasnean 1. [lepedyens nmpoBepsieMbIX TPeOOBaHUI K pe3yJibTaTaM 0CBOCHHUSI OCHOBHOI 00pa30BaTe/IbHOI NPOrpaMMBbl

[lepeuenp TpeOOBaHHMH K pe3yibTaTaM OCBOCHHS OCHOBHOI 00pa30BaTEIbHOM MPOTpaMMBI CPEIHEro oO0mero oOpa3oBaHMs MOKa3bIBAET
MIPEEMCTBEHHOCTh TPEOOBaHMI K YPOBHIO MOJTOTOBKH BBIITYCKHHKOB Ha OCHOBE (hefepallbHOTO KOMITOHEHTa TOCYJapCTBEHHOTO 00pa30BaTEIbHOTO
CTaHJapTa cpexHero (mojaHoro) odmiero oOpasoBanus (6a30BbI M NMpodMIbHBINA ypoBHHU) Mo (usuke u TpedoBanuiit ®PI'OC COO k pesynbraTam
OCBOEHHSI OCHOBHOM 00pa30BaTeIbHON MPOrpaMMBbI CpeIHET0 00I1ero o0pa3oBaHus, JOCTIKEHNE KOTOPBIX poBepsaeTcs B xone EI'D.

Tabmuua 1

Kon
KOHTPOJIM-
pyeMoro
TpedoBa-
HHA

TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI1 00pa30oBaTeIbHOI MPOrpaMMBbl CpeHero oomero oopa3oBanus,

npoBepsieMble 32JaHUSIMH IK3aAMEHAIMOHHOM padoThl

DenepajbHbIi KOMIIOHEHT IOCYy1apCTBEHHOI0
00pa30BaTEeJILHOI0 CTAHJAAPTA CPeJHEro 001mero
o0pa3zoBaHus

Proc Coo

0a308vlil ypoeeHb

VenyOnéHnblll ypoeens

1

3namv/nonumame:

1.1

CMBICJT (PU3UYECKHUX TTOHSITUI

1.2

CMBICJI (1)I/I3I/I‘IGCKI/IX BCJINYHMH

1.3

CMBICJI (1)I/I?>I/ILICCKI/IX 3aKOHOB, ITPUHIIUIIOB, ITOCTYJIATOB

— cOPMUPOBAHHOCTh  TMPEACTAB-
JIeHuil o ponu U MecTe (PU3MKHU
B COBPEMEHHOM HAay4HOM KapTUHE
MHpa; TIOHMMaHue (usndecKon
CyIIHOCTH HabmomaemMbix Bo Bce-
JICHHOU SIBJICHUI; IOHUMaHUE POJIU
¢usukn B (opMHpOBaAHUHM KpYyTO-
30pa U (PYHKIHMOHAIBHON TpamoT-
HOCTH 4YE€JOBEKa ISl PELICHUS
MPaKTUYECKUX 3a/1a4;

— BJIAJCHHE OCHOBOIIOJAraroIIuMHu
(bU3MYECKUMU TTOHITUSIMH, 3aKOHO-
MEPHOCTSIMU, 3aKOHAMU U TEOPUS-
MU, YBEpPEHHOE MOJIL30BaHHE
¢buzngeckoi TEPMHUHOJIOTHEN
1 CUMBOJIMKOM

— c(hopMUPOBAHHOCTH CUCTEMBI
3HaHUU 00 00IMX (PUINYECKUX 3aKO-
HOMEPHOCTSIX, 3aKOHaX, TEOPHSIX,
MpEICTaBICHUN O neWictBuu BO Bce-
JIEHHOU (U3NYECKUX 3aKOHOB, OTKPHI-
TBIX B 3€MHBIX YCJIOBUSIX;

— BIIaJICHHUE OCHOBOMOJIarafoIuMHU
(bU3MYECKUMU TOHATHAMH, 3aKOHO-
MEpPHOCTSIMHU, 3aKOHAMH M TEOPHUSIMU;
YBEpPEHHOE TOJIb30BaHUE (PUIUUECKOM
TEPMUHOJIOTHEN U CUMBOJIMKOMN

Ymemo:

2.1

OITMCBLIBATh U OOBICHATH (1)I/I3I/I‘ICCKI/IG SIBJICHHSI U CBOM-
CTBa TCJI

— BJIaACHUC OCHOBOIIOJAararonmmumMu
(bl/IBI/ILIeCKI/IMI/I IOHATHUAMU, 3aKOHO-
MCPHOCTSAMHU, 3aKOHAMU M TCOpPHA-

— BIIaJICHUE OCHOBOIIOJIAraloMUMHU (-
3UYECKUMU  MOHATHUSIMH,  3aKOHO-
MEpPHOCTSIMH, 3aKOHAMH M TCOPHUSIMH,
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Kon
KOHTPOJIM-
pyeMoro
TpedoBa-
HHA

TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI1 00pa3oBaTeIbHOI MPOrpaMMBbl CpeHero oo1ero oo0pa3oBanus,

npoBepsieMble 32JaHUSIMH IK3aAMEHAIMOHHOH padoThl

DenepajbHbIH KOMIIOHEHT IOCYy1apCTBEHHOI0
00pa30BaTeJILHOI0 CTAHJAAPTA CPeJAHEro o0mero
o0pa3zoBaHus

Proc Coo

0a308vlil ypoeeHb

VenyONEHHBII YDOBEHD

MU, YBEpPEHHOE
buzmveckoi
U CUMBOJIMKON

II0JIb30BaHHUEC
TEPMHUHOJIOTHUEN

YBEPEHHOE TOJh30BaHUE (PUINUECKOM
TEPMUHOJIOTHEH ¥ CHMBOJIHKOH

2.2

OIIMCBHIBATE U OOBICHSITH PE3YJIbTAaThl 3KCIICPUMCHTOB;
OIINCBhIBATh q)YHI[aMCHTaJ'ILHBIC OIIBITBI, OKa3aBIIHUC

CYIIIECTBEHHOE BIMSHUE HA PA3BUTHE (PUIUKU

23

NPUBOJUTH IIPUMEPHl IPAKTUYECKOIrO IPUMEHEHUS
bu3NYecKuX 3HAHUHN, 3aKOHOB (PU3UKH

— c(OpMUPOBAHHOCTH YMEHHSI MPH-
MEHSTh TOJYYCHHBIC 3HAHUSA IS
OOBSICHEHHUS] YCJIOBUN MPOTEKaAHUS
(bu3nYecKux SBICHUN B MPHUPOIC
WUl TPUHATUA —~ IPAKTUYECKUX
pELICHHUI B TOBCEHEBHOM KU3HU

— cOpMHUPOBAHHOCTh YMEHUS TpUMe-
HATH TOJYYEHHbIC 3HAHUS ISl O0B-
SICHEHUsI YCIOBHM MpoTekaHus (Husu-
YECKUX SBJICHUN B TPUPONEC U IS
NPUHATUSA TMPAKTUUYECKUX  PEIICHUM
B TTOBCETHEBHOMN JKU3HU

24

OTIpEIeTIATh XapakTep (hU3NYECKOro Imporecca Mo rpa-
¢uxy, Tabnuie, popmyIie; IPOTYKTHI SACPHBIX PEAKIIUNA
Ha OCHOBE 3aKOHOB COXPaHEHHS O3JEKTPHYECKOTO
3apsiia 1 MacCOBOTO YHCIIA

— c(OpMUPOBAHHOCTH COOCTBEHHOM
MO3HUIMK TI0 OTHOLICHHIO K (pu3m-
Yecko MH(pOpMalnH, MOoITydaeMon
13 Pa3HBIX UCTOYHUKOB

— cOpPMUPOBAHHOCTh ~ COOCTBEHHOM
MO3HIIMK TIO0 OTHOIIECHUIO K (husmyec-
Kol wuHpOpManMM, TMOIy4yaeMol U3
pa3HBIX HCTOYHHUKOB

2.5.1

OTJINYaThb THUIIOTE3bl OT HAY4YHBIX TEOPUU; JENaTh
BBIBOJBI HA OCHOBE OKCIIEPUMEHTAJIBHBIX JaHHBIX;
NPUBOJIUTH TPUMEPHI, IMOKa3bIBAIOLINE, YTO: HaOIro-
JIEHUs W DKCIIEPUMEHT SBIIAFOTCA OCHOBOW  JUIS
BBIJIBUOKEHUS TUIIOTE3 U TEOPUi, IIO3BOJIAIOT IIPOBEPUTH
UCTHUHHOCTh TEOPETUYECKHUX BBIBOJIOB; (U3UUECKast
Teopust Ja€T BO3MOYKHOCTh OOBSCHATh H3BECTHBIC
SIBJICHUS TIPUPOJABI U HAyYHBIC (aKTHI, MPEICKA3bIBATH
el HE U3BECTHBIE SIBIICHUS

252

IIPUBOANTH IIPUMEPBI OIBITOB, WIUIFOCTPUPYIOIIUX, YTO:
HaOJIIOZEHUST U D3KCIEPUMEHT CJIyXaT OCHOBOHM Juis
BBIJIBUKEHUS TUIIOTE3 U IIOCTPOCHMSI HAYYHBIX TEOPUH;
OKCIEPUMEHT  II03BOJIAET  IPOBEPUTb  HMCTUHHOCTH
TEOPETUYECKUX BBIBOJIOB; (u3nueckas Teopust NaéT

— BIIAJICHUE OCHOBHBIMH METO/aMH
HAyYHOTO IIO3HAHUS, HWCIOJb3ye-
MbIMH B (u3uke: HaOIIOACHUE,
ONMCaHWe, W3MEPEHHUe, OSKCIIEPH-
MEHT; yMeHus  oOpabaTbiBaTh
pe3ysbTaThl M3MEpeHui, oOHapy-
’KMBaTh 3aBUCHMOCTh MEXAy (Hu3u-
YECKHMMH BEIMYMHAMH, OOBSICHATH
MOJTy4YEHHBIE Pe3yJbTaThl U JeNaTh
BBIBO/IBI

— BJIaJICHUE YMEHUSMHU BbIIBUTATh T'H-
IOTE3bl Ha OCHOBE 3HAaHUS OCHOBO-
MOJIAraloMX (PU3NYECKUX 3aKOHOMEp-
HOCTE M 3aKOHOB, IPOBEPATh MX
HKCHEPUMEHTAIBHBIMU  CPEJICTBAMH,
bopMyITUpys 1IENTh UCCIICAOBAHUS

! 31ech u manee BKIIIOYEH pe3ysbTaT 0OydeHHs Ha 6a30BOM YPOBHE, T.K. I. 9.6 ®I'OC mpeamosaraeT, 4to «TpeGoBaHus K IPEIMETHEIM PE3yIbTaTaM OCBOECHHS YIIIyOIEHHOTO Kypca
(bU3MKA TODKHBI BKIIFOYATh TPEOOBAHMUS K pe3yIbTaTaM OCBOCHHUS 0a30BOTO Kypcay.
© 2022 denepanpHas ciyk0a 1Mo HaA30py B chepe 0OpazoBaHMs U HAYKH
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Kon TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI1 00pa3oBaTeIbHOI MPOrpaMMBbl CpeHero oo1ero oo0pa3oBanus,
KOHTPOJIH- npoBepsieMble 32JaHUSIMH IK3aAMEHAIMOHHOH padoThl
pyemMoro ®egepanbHbI KOMIIOHEHT IOCY1apCTBEHHOI 0 P1rocC COO
TpedoBa- 00pa3oBaTeIbHOI0 CTAHAAPTA CPeIHero od1ero 0az086biil yposeHs VenyOnéHHblll ypoeeHs
HUS o0pa3oBaHusi
BO3MOXXHOCTb OOBSACHATH SIBJICHUS PUPOABI M HAYUHBIE
dakTel; pusznyeckass TeOpHUs MO3BOJSET NMPEICKa3hIBAThH
emé He W3BECTHBIC SIBJICHHUA M MX OCOOCHHOCTH; NpHU
OOBSICHEHMH MPUPOJHBIX SIBICHUNH  HCIIONB3YIOTCS
¢usuueckue MoOJIeNnu; OAMH U TOT K€ TNPHUPOIHBIN
OOBEKT WJIM SIBJICHHE MOXKHO HCCIEJOBAaTh Ha OCHOBE
UCIIONIb30BAaHUSl pa3HBIX MOJEJeH; 3aKOHBl (U3MKU
U QU3NYECKUE TEOpUU MMEIOT CBOM ONpEIeIEHHbIE
I'paHHIb] IPUMEHUMOCTH
253 U3MEpATh  (PU3MYECKHe BETUYMUHBI, MPEICTaBIAThH — BJIaJICHUE METOJaMU CaMOCTOSITEIb-
pe3yabTaThl U3MEPEHUH C YUETOM MX MOTPEUTHOCTEN HOTO IUIaHMpOBaHWA W [POBEICHUA
(bu3MYECKUX HKCIEPHUMEHTOB, OIMCa-
HUSl ¥ aHaJIM3a TOJIyYeHHON H3MEepH-
TeAbHOW HH(OpPMaLMK, ONpeIeIeHUs
JOCTOBEPHOCTH IOJIYUYEHHOTO DPE3YIlb-
TaTta
2.6 NPUMEHSTHh  TIOJIy4eHHBIC 3HAaHUS I PEUIeHus | — COPMUPOBAHHOCTh YMEHHS pe- | — CHOPMHPOBAHHOCTh YMEHHS pEIIaTh
du3MUeCKUX 33129 math pU3nUecKue 3a1a9u buznueckue 3agaun
3 Hcnonvzoeamsv npuodpeménnole 3HAHUA U YMEHUA
6 NPAKMUYECKOIl 0eAmenbHOCMU U NOECEOHEGHOI
HCUZHU:
3.1 Ui obecrieueHus: 0e30MacHOCTH KU3HEICSITEIbHOCTH | — C(POPMUPOBAHHOCTh YMEHUS MPH- | — C(OOPMUPOBAHHOCTh YMEHHS HCCIIE-

B IIPOIIECCE HCTOIB30BAHUS TPAHCIIOPTHBIX CPEJICTB,
OBITOBBIX AJIEKTPONPUOOPOB, CPEICTB paaMO- M Teje-
KOMMYHHUKAIIMOHHOW CBSI3U; OICHKU BIUSHHS 3arpsi3-
HEHUS OKpYKAIOIICH Cpelbl Ha OPTraHW3M YeJOBEKa
U [pyTHe OpraHW3Mbl;  PAIMOHAIBLHOTO  MPHUPOJIO-
MI0JIb30BAHUS ¥ OXPAaHbI OKPYKAKOIIEH CPEIIbI

MCHIATH HOJ'Iy‘-ICHHI)IC 3HAHUSA JIA
OOBSCHEHHS YCJIOBUH MPOTEKAHMS
(bu3nuecKkux SBIEHUN B MpUPOIE
" IJ11 HpI/IHHTI/Iﬂ HpaKTI/I‘IGCKI/IX
pEllIeHHI B TOBCEAHEBHOM KU3HU

JIOBaTh M aHAIM3UPOBATH Pa3HOOOpa3-
Hble (U3MYECKUE SBJICHHUS U CBONCTBA
00BEKTOB, OOBSCHITH MPUHIIMAIBI Pa-
O0OTBI M XapaKTEPUCTUKUA TPUOOPOB
U YCTPOMCTB, OOBSCHSITH CBSA3b OCHOB-
HBIX KOCMHUYECKHX OOBEKTOB C T€0-
(bI/I?)I/I‘-IeCKI/IMI/I ABJICHUSIMU
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Kon TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI1 00pa3oBaTeIbHOI MPOrpaMMBbl CpeHero oo1ero oo0pa3oBanus,
KOHTPOJIH- npoBepsieMble 32JaHUSIMH IK3aAMEHAIMOHHOH padoThl
pyemMoro ®egepanbHbI KOMIIOHEHT IOCY1apCTBEHHOI 0 P1rocC COO
TpedoBa- 00pa3oBaTeIbHOI0 CTAHAAPTA CPeIHero od1ero 0az086biil yposeHs VenyOnéHHblll ypoeeHs
HUS o0pa3oBaHusi
3.2 JUIsL OTIpEeNIeIeHUs] COOCTBEHHOW MO3MIMU MO OTHOIIE- | — C(hOPMUPOBAHHOCTH COOCTBEHHOW | — C(OOPMUPOBAHHOCTh YMEHHMU IPOT-
HUIO K DKOJOTHYECKUM HpO6JICMaM U T1oBeneHuro | HO3MIIMH IO OTHOIICHHIO K (1)1/131/1- HO3UPOBATh, aHAJIM3UPOBATH N OLICHH-
B IIPUPOJIHOM cpejie 4yeckoi MH(pOpMAaIHMHU, MOJy4aeMOi | BaTh NOCIEACTBHA OBITOBOI M TpoM3-
U3 Pa3HbIX UCTOYHUKOB BOJICTBEHHOH J€ATEIbHOCTH YEJI0BEKA,
CBSI3aHHOM € (PU3MUECKUMH TpoIec-
caMH, C TIO3WIHH DSKOJIOTHYECKOM
0e30macHOCTH

© 2022 denepanpHas ciyk0a 1Mo HaA30py B chepe 0OpazoBaHMs U HAYKH
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Pazgen 2. IlepeuyeHb 3JIeMEHTOB COJePKAHNS, IPOBePsieMbIX HA eINHOM roCyIapCTBEHHOM 3K3aMeHe Mo pu3uke

[lepeyeHp »s1eMeHTOB cojaepkaHus, mpoBepseMbix Ha EID mo ¢usuke, IEeMOHCTPUPYET MPEEMCTBEHHOCTh COACPIKAHUS pasena
«O06s13aTeNbHBIE MUHUMYM COZIEP)KaHUSI OCHOBHBIX 00pa30BaTENIbHBIX MporpamMm» (erepaibHOro KOMIOHEHTa rOCyAapCTBEHHOT0 00pa30BaTeIbHOTO
CTaHJapTa cpemHero (MoyHOTO) ob0mero obpasoBanusi mo ¢(usuke u [IpuMepHO OCHOBHOW 00pa3oBaTENbHON MPOrpaMMBl CPETHETO OOMIEeTo
oOpa3oBanus (ogo0OpeHa pemieHueM (eaepaabHOro y4eOHO-METOAMYECKOTO O0BheAUHEHUs Mo o0meMy oOpa3oBaHHiO (MpoTokon oT 28.06.2016 r.
Ne 2/16-3)).

Tabmnuia 2
Kon Kon DJIeMeHTBI CoJlep:KaAHMs, POBepsieMble 3aJaHUSIMH IK3aMeHALIMOHHOI padoThI
pasiaesia | KOHTPOJIH- denepajbHbIi KOMIIOHEHT FOCYAapPCTBEHHOI0 00pPa30BaTe/IbHOI0 Hammuue no3nomii ®K I'OC
pyemoro CTaHIAPTAa cpeHero (MoJHOro) 001ero 0opa3oBaHus B [100I1 COO
3JIeMEeHTa 0a306vlll YPOBEHD ‘ VenyOnéHHbILL YPOBeHb
1 MEXAHHKA
1.1 KMHEMATHKA
1.1.1 Mexannueckoe aBrkeHue. OTHOCUTEILHOCTh MEXAHUUYECKOT'O JIBHIKEHUS. + +
Cucrema orcuéra
1.1.2 MarepuanbHasi TOUKa. 2 a TpacKTOpU + +
Eé pammyc-sexrop: 7(¢)= (x(¢) y(¢),z(t)),
TpaeKTOpHs,
TepeMenieHue: Pl Ar
AF=r(t))—r(t))=r,—r = ~
= (AX ) Ay ’ Az )9 0 7'2 >
yTh. y
CrnoxeHue epeMeIeHH: X
AF, = AV, + AF,
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Kon Kon DJIeMeHTHI CoJiep:KaHMsl, TPpoBepsieMble 3aJaHUSIMH IK3aMEeHALMOHHOI padoThl
paszzesa | KOHTPOJIM- DenepabHbIi KOMIIOHEHT FOCY1aPCTBEHHOT0 00Pa30BaTe/JIbHOTO Hamnuue no3nomii ®K I'OC
pyemoro CTAaHAPTAa cpeHero (MO0JHOro) 001ero oopa3oBaHus B [10OI1 COO
3JIeMEHTAa 0a306vlil ypoBeHb | yenyONEHHbIU YPOBEHb
1.1.3 CkopocTh MaTepHUaIbHOU TOUKHU: + +
5=4r 7= (0,,0,,0
= — =y =
t x>Yys Yz ) o
At At—0
v _ﬂ = x/', anamoruyHo v_=y' V. =z’
x_At =X vy_yt’ ;= 4
At—=0
Crnoxenue ckopocTeid: v, = 0, + U,
Briuncienue nepemenieHrdss MaTepUAbHOM TOYKHA MHPH MPSAMOJUHEHHOM
JBUKCHHUH BJIOJIb OCH X TI0 TpauKy 3aBUCUMOCTH Ux(f)
1.1.4 . AD _ + +
YckopeHue MaTepralibHOM TOYKU: d = —— =0/= (a ,a ,a ),
At X y z
At—0
Av
— X — ! _ ! — !
a, = v _(Ux)t , AHAJIOTHYHO ay_(vy)t, a.=(v,).
At—0
1.1.5 PaBHOMEpHOE IPSAMOIIMHEWHOE JBUKEHUE: + +
x(t)=x,+ 0,1
V. (t)=,, =const
1.1.6 PaBHOYCKOpEHHOE IIPSIMOJIMHEWHOE JABUKCHUE:! + +
2
at
J— X
x(t)=x,+0,t+
v()=v, +at
a, =const o
2 2 _
UZx - le - Zax (X2 - xl)
L+,
I[Ipu JBMXEHUHU B OJHOM HANPABJICHUM IyTh S = 5 -t
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Kon Kon DJIeMEeHTHI COJlep:KaHNsl, IPOoBepsieMble 3aJaHUSIMH JK3aMEHAMOHHO padoThl
pasnena | KOHTPOJIHU- DenepajbHbIil KOMIIOHEHT FOCYIaPCTBEHHOT0 00Pa30BaTeJIbHOI0 Hanuuyne nozunuit ®K 1oC
pyeMoro CTAaHAPTA CpelHero (M0JHOro) 001ero 0opa3oBaHus B [10OII COO
3JIeMeHTa 0a306vlil ypoeHv | yenyOIEéHHbIL YPOBEeHb
1.1.7 CBobOoaHOe najzieHue. Y CKopeHue

CBOOOHOTO TIafieHHs. J|BIDKEeHUE Va _ U,
Tena, GPOIIEHHOTO MO/ YITIOM 0 lg

K TOPU30HTY:

Yo &
O x X
x(t)=x,+v,t=x,+v,cosa-t - *
0o Yox o™ %
2 2
8,1 : t
YO =y, + 0t +=—=1y, +vos1na-t—g—
2 2
v.(t)=v, =v,cosa
v,(H)=1,, +gt=1,sina— gt
g.=0
g, =—g=const
1.1.8 JIBrKEHNE TOYKH 10 OKPY>KHOCTH.
. 27
VYri0Bas U TUHEHHAsS CKOPOCTh TOUKH: D = WR, O =— = 27V.
+ +
2
L, =Y 2
L{eHTpOCTpPEMHUTENBEHOE YCKOPEHUE TOUKH: @, =— =® R
1.1.9 TBépnoe teno. [locTynaTenbHOE U BpalaTENbHOE IBHKEHHE TBEPIOTO TEJIA — +
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®OU3UKA, 11 xmacec. 10/27

Kon Kon DJIEeMEHTBI COJIep/KaAHMs, IPOBepsieMble 3aJaHUSIMH IK3aMEeHALMOHHOI padoThI
pasnena KOHTPOJIM- DeepajibHbIIl KOMIIOHEHT FOCYIapCTBEHHOT0 00pa30BaTeIbHOI0 Hanuuune mo3unuit ®K I'0OC
pyeMoro CTaHIAPTAa CpeHero (MO0JHOro) 001ero 06pa3oBaHus B [100OI1 COO
3JIeMeHTa 0a306vlil ypogenv | yenyonénnblil yposeHs
1.2 JIMHAMUKA
1.2.1 Nuepumaneueie cucremsl orcuéra. [lepseiii 3akoH Herorona. Ilpuaiumn + +
OTHOCHUTEJbHOCTH ["anumes
1.2.2 m + +
Macca tena. [notHOCTS BemiecTBa: p = —
7
1.2.3 o B + n
Cuna. Ipunuun cynepnosuuus cui: Fopo e = Fi+F,+..
1.2.4 Bropoii 3akon HeroTona: muist MarepuanbHoit Touku B MCO + +
F=mad ; Ap = FAt npu F = const
1.2.5 Tpetuit 3aKOH Hrrorona IS + +
MaTepHalbHBIX TOYEK: F, = —F,, = e - -
Fiz F. 21
1.2.6 3aKOH BCEMHUPHOrO TSTOTEHHUS: CHIJIbl TMPUTSIKEHUS MEXAY TOYEUHBIMU + +
m,m
MaccaMu paBHBI [’ = G1—22 .
R
Cuna TskecTH. 3aBUCHUMOCTh CHJIBI TSOKECTH OT BBICOTHI /A Haj
MOBEPXHOCTHIO MIJIAHETHI PauycoM Ro:
GMm
mg=——=
2
(Ry +h)
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®U3UKA, 11 knacc.
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Kon Kon JIeMEeHTBI COlePKAHMS, IPOBepPsieMble 3aaHUSIMH IK3aAMEHAIIMOHHON Pad0ThI
paszaesa | KOHTPOJIH- ®enepanbHbIii KOMIOHEHT IOCYy1apPCTBEHHOT0 00pa30BaTeIbHOIO Hammnuue no3nnmii ®K I'OC
pyemoro CTaHJapPTa cpeaHero (MoJHOro) o0ero oopasoBanusi B I1OOII COO
IJIEMEHTA 0a3086blll Ypo8eHb | y2nyONEHHbIL YPOBEHD
1.2.7 JIBukeHne HeEOECHBIX Te€l M HMX HCKYCCTBEHHBIX CIyTHUKOB. IlepBas — +
KOCMHMYECKasi CKOPOCTb:
GM
Vi = &Ry ZQ’ R,
Bropast kocMuyeckasi CKOpoCTb:
2GM
UZK = ﬁvlk =
R,
1.2.8 Cuna ynpyroctu. 3akon I'yka: F = —kx + +
1.2.9 Cuna tpenusi. Cyxoe TpeHHe. + +
Cuna TpeHHUs CKOJIbXKEHUS: F,, =uUN
Cuia TpeHHs TTOKOSI: F,, SuN
Koaddunment tpenus
1.2.10 F + -
JlaBnenue: p=—=
S
1.3 CTATHKA
1.3.1 MOMEHT CUJIbl OTHOCUTEIIBHO OCH BpAIllCHUS:
|M| = FI, rne [ — mnedo cunbl /7 OTHOCHTENBHO e N
ocH, poxoJsiel uepes Touky O B
MEPHEHIUKYIISIPHO PUCYHKY o
1.3.2 ) M, +M,+...=0
VYcnoBus paBHoBecus TBépaoro Tena B UCO: { . - +
F+F,+...=0
1.3.3 3akoH Ilackans + +
1.3.4 Japnenue B xuakocty, nokosmeiicsa B UCO: p = p, +pgh + +
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Komudukarop EI'2 2022 r. OU3UKA, 11 knace. 12/27
Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JieMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
1.3.5 3akoH Apxumena: F apx =~ Pasirecn. >
eciu Teno i KUAKOCTs nokostest B UCO, 10 F = pgV e + +
YciioBue M1aBaHus Tel
1.4 34KOHbI COXPAHEHUA B MEXAHUKE
1.4.1 My sibe MaTepraibHOil TOUKH: P = mD + +
1.4.2 WMnynec cucTeMsl T€: p = p, + P, + ... +
1.4.3 3aKOH U3MEHEHHUS U COXPAHEHUS UMITYJIbCA:
BHCO AI_jEA(ﬁl+p2+"')=FlBHCHIHAt+F2BHCHIHAt+"'; + +
BMCO Ap=A(p, +p, +...)=0, ecmn Flovensn T F s T -+ =0
1.44 Pabota cuibl: Ha MajIoM NEpEeMELICHUN: -
A=|F|-|AF|-cos o= F, - Ax F
4 + +
Ar X
1.4.5 MOUIHOCTb CUIIBIL: .
Ad -Q(VF
P=— =F-v-cosa U * -
At At—0
1.4.6 mv> 2
K - E = _P
MHETHYECKAs SHEPIHsl MaTePUAIBHON Touku: £ ==——=-"—.
2 2m + +
3aKOH U3MEHEHUS] KHHETUYECKOM SHEPrHH CUCTEMbl MaTepUAIIbHBIX TOUEK:
BUCO AExun=A1+ A2+ ...
1.4.7 [loTeHunanbHas 3HEPIUs:
AT MOTCHIMAIIbHBIX CHII A12 = El noTeHn E2 notenn _AEHOTeHu :
+ +

[MorennmanbHast SHEPTHA TeJla B OAHOPOIHOM ITOJIE TSKECTH:
E = mgh .

TIOTEHIT
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JieMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
[ToTenuuanpHas Heprus ynpyro aeGopMupoBaHHOTO Tena:
2
EHOTGHI_I = kx_
2
1.4.8 3aKOH U3MEHEHUS U COXPAHEHUS MEXaHUUYECKOM SHEpruu:
FErvex = Exun + EHOTeHu,
B I/ICO AEMex = ABcex HEIOTEHII. CUJL, + +

B UCO AEmvex = 0, eCITH Ascex HETOTEHII. CHII — 0

1.5 MEXAHUYECKHUE KOJIEBAHUA U BOJIHBI

1.5.1 Iapmonnueckue konebanus. AMIUTUTY 1A U a3a KoJIeOaHHiA.
Kunemarnyeckoe onucanue:

x(t) = Asin(of +9,),
v()=x/,

a(H=(v,), = —’x(?).
JIMHAMIYECKOe ONHCAHHE:

2
ma = —kx , tae k =mm

9HepreTI/I‘leCKOC OIIMCaHHC (3aKOH COXPAaHCHUA MEXaHMYECKOU SHCPFI/II/I)Z

mv®  kx* mo? 2
+ = max — =const
2 2 2 2

CBs3b aMIUTUTY 1Bl KOJIEOAHUN MCXOTHON BEJIMYMHBI C aMILTUTYAAMU
Kosie0aHUH e€ CKOPOCTU M YCKOPEHHS:

vV =wd, a _=o"A

max max
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Komudukarop EI'2 2022 r. OU3UKA, 11 knace. 14/27
Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb

1.5.2 2t 1

[Tepuon u wactora koyebanmii: 7' = — =—.

o Vv
Ilepriog manbix CcBOOOAHBIX KOJEOAHUN MaTeMaTUYECKOr0 MasTHHUKA:
T=2n \F . + +
g
. m

[Teproa cBOOOAHBIX KOJIEOAHUI PYKMHHOTO MasiTHUKA: | = Zn\/;
1.53 Boinysxnennsie koneOanus. Pesonanc. Pezonancnast kpuas — +
1.54 [Tonepeunsle U TPOOJIbHBIE BOHBL. CKOPOCTh PACIPOCTPAHEHUS U JIMHA

sommst: A=l =2. + +

A%

WnuTepdepennst v audpaxiysi BOJIH

1.5.5 3ByK. CKOpOCTb 3ByKa + +
2 MOJIEKYJIAAPHAA ®U3HKA. TEPMO/HHAMHUKA
2.1 MOJIEKYIIAPHAA OU3UKA

2.1.1 Mogenu crpoeHHst Tra3oB, JKMAKOCTeM MW TBEpAbIX Ten. Ilycthb

TEPMOJMHAMHYECKAsl CUCTEMA COCTOUT U3 N OJIMHAKOBBIX MoJIeKyJd. Toraa

N m
KOJIMYECTBO BEIECTBA V = —— = —, + +
N, M

rae N, —uucno Asaragpo, m — macca cucremsl, L — MonsipHast Macca BernecTsa
2.1.2 TennoBoe NBMKEHUE aTOMOB M MOJIEKYJI BEIIECTBA + +
2.13 BsanmoelicTBre 4acTHIl BENIECTBA + +
2.14 Juddyzus. bpoyHoBCckoe ABHIKEHHE + +
2.1.5 Mopnens uaeansHoro raza B MKT: yacTuilbl ra3a ABMKYTCS XaOTHYECKH N n

Y HE B3aUMOJICUCTBYIOT JAPYT C IPYTOM
2.1.6 CBs13p MeXay OaBICHHEM U CpeIHEH KHHETUYECKOW SHEprueil mocry-

MAaTENBHOTO TEIJIOBOTO JBIKEHHS MOJIEKYJ HAEaJbHOro Ta3a (OCHOBHOE + +

ypaBHeHue MKT):
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Kon
pa3iena

Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
- 2 (mp*) 2 — y
p=—mpnuv =—n- =—n-g,., A€ mo — Macca OJIHOU
3 3 2 3
N
n=—
MOJIEKYJIBL, Vo_ KOHIEHTPALUsI MOJIEKYJI
2.1.7 AbcomoTHas Temneparypa: 7 =¢°+ 273K + +
2.1.8 CBsA3b TEeMIepaTypbl raza Co CpeIHE KHHETHYECKOW HHEpPruer MOoCTy-
MATEIBHOTO TETIOBOTO JBUKECHHSI €70 YaCTHII:
— (mp?)_3 * *
— 0 —
SHOCT - ( ] -5 kT
2 2
2.1.9 Vpasuenue p =nkT + +
2.1.10 Mopenb ueansHOTO Ta3a B TEPMOJIUHAMUKE:
VYpaBaenue Menneneena — Knanelipona
BripaxkeHue 111 BHyTpPEHHEN SHEPTrUn
VYpaBuenune MenneneeBa — Knanelipona (mpuMeHHMbIe (pOPMBI 3a1UCH):
m RT
oV =""RT =vRT = NkT, p=P"L. . N
i il
Belpaxkenue [uisi BHYTPEHHEH SHEPIMM OJHOATOMHOIO HJCAJIBHOIO Tas3a
(mpuMeHuMBIe (HOPMBI 3aITUCH):
3 3 3m 3
U=ZVRT =ZNkT ==—RT =vc,T ==pV
2 2 2u 2
2.1.11 3akoH /lanbTOHa 7151 JABJICHHUS CMECH Pa3pEKEHHBIX Ta30B: N N
P=pP tPy+...
2.1.12 H3omnporiecchl B pa3peKEHHOM Tra3e C MOCTOSHHBIM YHUCJIOM dacTul N
(C MOCTOSIHHBIM KOJIMYECTBOM BEIIECTBA V): + +

usorep™ma (7' = const): pV = const ,
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pa3aejia | KOHTPOJIU- DeepajbHbIil KOMIIOHEHT FOCYyIapPCTBEHHOT0 00Pa30BaTEIbLHOI0 Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
uzoxopa (V= const): P _ const )
T
_ V
uzobapa (p = const):  — = const
T
I'padmueckoe npeacranenue uzomnpoueccoB Ha pV-, pT- u VT-
JuarpaMmax
2.1.13 Haceiniennsle 1 HeHachlIeHHbIE Mapbl. KauecTBeHHas 3aBUCUMOCTD IJIOT-
HOCTH W JIaBJICHUSI HACBHIIICHHOTO Mapa OT TEeMIIepaTypbl, UX HE3aBUCHU- + +
MOCTh OT 00bEMA HACKIIIEHHOTO Mapa
2.1.14 BrnaxnocTs Bo3myxa.
OTHOCHTENbHAs BITAXKHOCTh: () = Prapa (T) __ P () + +
pHaCbILLI. Tmapa (T) pHaCbII]_[. mapa (T)
2.1.15 H3MeHeHne arperatHblX COCTOSIHUN BEILIECTBA: UCIIAPEHUE U KOHACHCALIMS, N L
KHUIIEHUE )KUJIKOCTH
2.1.16 W3meHeHne arperatHbIX COCTOSIHUM BEIECTBA: IJIABJICHUE M KPUCTAJUIN- n i
3anus
2.1.17 [TpeobpazoBanue 3HEpruu B (ha30BbIX MEpexo1ax + +
2.2 TEPMO/IMHAMUKA
2.2.1 TermoBoe paBHOBECHE U TEMIIEpATypa + +
222 BryTtpeHHss dHeprus + +
223 Tennonepenaya kak cnoco0 W3MEHEHHMs BHYTpPEHHEH »JHepruu 0e3 N n
coBepiieHust padoTel. KOHBEKIHS, TETUIONPOBOAHOCTD, H3IYUCHHE
224 KonnyecTBo TEmIOTHI.
VY nenbHas TeII0OEMKOCTh BemecTsa ¢: O = cmAT + +
2.2.5 VnenpHas Temiora napoobpasosanust ;. () = rm
VaenbHas Temwiora miasienus A: Q = Am + +
VnespHas TemioTa cropanus tomusa q: J = gm
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
2.2.6 OnemeHrapHast pabota B TepmoauHamuke: A4 = pAlV . Bbluucnenue
paboTsI 110 rpaduKy mporecca Ha p V-nquarpamme + +
2.2.7 [TepBrIil 3aKOH TEPMOANHAMUKH:
O, =AU, +4,, = (Uz _U1)+ A, N .
Anunabara:
0,=0= 4,=U,-U,
2.2.8 BTopoii 3ak0H TepMOAMHAMUKH, HEOOPATUMOCTh + +
229 [Ipunuune! aeiictBus Ternossix MamuH. KIT/:
33 MUK __ QHan _|QX0H| =1- |Qx0n| + +
Q Harp QHan QHan
2.2.10 MakcumansHoe 3Hauenue KI1/I. [lukn Kapuo
T -T T
max N = Nyapuo = e = - " i
THarp THarp
2.2.11 Vpasuenue temnosoro 6ananca: O, +Q, +0; +...=0 + +
3 JJIEKTPO/ITHHAMHUKA
3.1 OJIEKTPUYECKOE I10JIE
3.1.1 DnekTpu3aius Tell U e€ MpOsBIECHUs. DJeKTpudeckuil 3apsan. JBa Buaa + +
3apsia. DJIeMEHTapHBIA SICKTPUYECKUN 3aps]. 3aKOH COXpPAHEHHS JIIEK-
TPHUYECKOTO 3apsijia
3.1.2 B3aunmopeiictBue 3apsnoB. Toueunsie 3apsabl. 3akoH KynoHna: + +
_altlas| 1 e e
F=k = . 5
r 4re, r
3.13 Onexkrpuueckoe nojie. Ero geiicTBue Ha 3JEKTPUUECKHE 3apsi/ibl + +
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Kon
pa3iena

Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMEHTAa 0a3086biil yposeHs | y2nyOnéHHbIL YPOBEHb
3.14 . ~ F + +
Hanpsok€HHOCTD 37EKTPUYECKOTO MO F =
qnp06ﬂbn71
[Tone roueunoro 3apsina: £ =k % ,
p
OJHOPOJHOE MOJIC: E = const.
Kaptunsl nuHMi 3THX NIONIEH
3.1.5 [ToTeHIMaIbHOCTD AIEKTPOCTATUIECKOTO TOJIS. + +
Pa3HOCTh NOTEHIIMAJIOB U HANIPSKEHUE:
A, =q(0, —9,)=—gAp=¢qU .
[NToTeHnmanpHas SHEPTHUs 3apsaa B JIEKTPOCTaTHIECKOM noe: W =q@.
TloTeHIman 3IeKTPOCTATUIECKOTO MOJISL: (p = lid .
q
CBs13p HaNpsKEHHOCTHU TOJI M Pa3HOCTU MOTEHIUAJIOB JUIsI OJHOPOAHOIO
aneKTpoctaruueckoro noisi: U = Ed .
3.1.6 [TpuHIMI CyneprO3UIUH SJEKTPUUECKUX MOJIEH: + +
E=E+E,+..., 0=, +0, +...
3.1.7 [IpoBOAHMKHN B 3JIEKTPOCTATUYECKOM IOJIE. Y CIOBHE PABHOBECHS 3apsOB: - +
BHYTpPH TPOBOJIHUKA E=0, BHYTPU U Ha TOBEPXHOCTH IPOBOJHUKA
¢ = const
3.1.8 JIMDNEeKTpUKKA B AJIEKTPOCTaTUUECKOM Tosie. JludnekTpuueckass TPOHU- - +
LIAEMOCTb BEIIECTBA €
3.19 + +

KoHerncaTop. DIeKTpoéMKOCTh KoHIeHcaTopa: ¢ = 4 .

. ee,S
DneKTPOEMKOCTh MIIOCKOTO KOHJIEHCaTopa: ( = —0~ — eC,

d
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
3.1.10 [TapannenbHOE COeTMHEHNE KOHJIEHCATOPOB: - +
g=q,+q,+..., U =U, =..., Cnapaml :C1+C2+"‘
[TocnenoBarenbHOE COETMHEHUE KOHAEHCATOPOB:
B o I 1 1
U—U1+U2+..., ql—qz—..., C —F+C_+
nocI 1 2
3.1.11 qU CU* ¢? + +
ODHeprust 3apsHKEHHOTO KOHACHeaTopa: W . = —— = =1
2 2 2C
3.2 3AKOHBI IIOCTOAHHOI'O TOKA
3.2.1 Ag
Cuna toka: [ =— . ITocrostaueiii Tok: [ = const
At At—0 + +
Ji1 IOCTOSIHHOTO TOKa g = [t
322 YcnoBus CylecTBOBaHUS 3JIEKTPUUECKOrO TOKA. . .
Hanpsxenne Un DIC £
3.23
3akon Oma Jyis ydyacTka nenu: [ = — + +
324 DNEeKTPUYECKOE COMPOTUBJICHUE. 3aBUCUMOCTb COMPOTUBIICHHUS OJIHO-
POAHOrO MPOBOJHUKA OT €ro JAJIUHBI U CEYEHUS. Y IEIbHOE COMPOTUBIICHUE
+ +
BEIIECTBA. R =p—
3.25 Hcrounuku Ttoka. DJIC M BHYTpEHHEE CONPOTHBIICHHE HMCTOYHHMKA TOKa.
g __ 7 "CTOpPOHHMX CHJI =+ +
q
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
3.2.6 3akoH Oma a1 THOJHOM (3aMKHYTOH) 3JIEKTpUYECKON
E,r
uenu: £ =IR + Ir, otkyna [ = £ T R * *
R+r
3.2.7 [TapannenbHoe cOeAMHEHNE IPOBOIHUKOB:
I=L+DL+.,U=U:=.., 1 :i_,_i_,___‘
erapann R R, + +
[TocnenoBarenbHOE COeIMHEHNE TPOBOIHUKOB:
U=Ur+Ux+.,Ii=L=..,R =R +R,+...
3.2.8 Pa6ota snexrpuueckoro Toka: A = [Ut
3akon Jlxoyns — Jlenna: Q = 1 2Rt
U2 + -
Ha pesucrope R:Q=A=1*Rt=1Ut =7l‘
3.2.9
MOIHOCTE 3JIEKTPUYECKOTO TOKA: P = —— =IU.
At At—=0
TenoBast MOIIHOCTb, BbIAEIIsIEMAasi HA PE3UCTOpE:
P=I’R= vt : n N
R
MOLHOCTb HCTOYHMKA TOKA: Py = ————— =&l
At
At—0
3.2.10 CBOOOIHBIE HOCHUTENM DIIEKTPUYECKHX  3apsiioB B  MPOBOJHHUKAX.
MexaHu3MBbl TTPOBOJIUMOCTH TBEPABIX METAIOB, PACTBOPOB U PACIUIABOB - +
ANEKTPOJIUTOB, ra30B. [loxynpoBoguuku. [1oaynpoBOJHUKOBBIN MO
33 MAT'HUTHOE I1OJIE
3.3.1 MexaHndeckoe B3aUMOJCHCTBUE MarHUTOB. MarHutHoe mone. Bekrop N n
MArHUTHOM WMHAYKUMH. [IpUHIMO Cynepno3uiiMi MarHUTHBIX TOJICH:
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
B=B +B,+.... Jlunun wmarmutHoro mnons. Kapruna nummid mons
MIOJIOCOBOT'O M MOJIKOBOOOPA3HOTO MOCTOSIHHBIX MarHUTOB
332 OmneiT Opcrena. MarnutHoe nosie npoBoAHMKA ¢ TokoM. KapTunHa nunuii
MoJIsl  JUIMHHOTO TIPSMOTO TPOBOJHMKA W 3aMKHYTOTO KOJIBIIEBOTO + +
MTPOBOIHHKA, KATYIITKH C TOKOM
3.33 Cuna Amnepa, €€ HalpaBJIEHUE U BEJIMYUHA:
F, =IBlsin0, tne o — yron Mexuy HAmpaBICHUEM IIPOBOJHHKA + +
¥ BEKTOPOM B
334 . . — :
Cuna JlopeHua, eé wHanpaBjieHHe W BenuuuHa: [ Top = ‘q‘UB sina,
IJIe O — YOI MEX/Iy BeKTOpaMu U U B. JIBHKEHHE 3apsKCHHOM YaCTHIIBI + +
B OJTHOPOJTHOM MarHUTHOM ITOJIE
34 DJIEKTPOMATHUTHAA MHIVKIHA
34.1 [loTox BekTOpa MarHUTHOW WHAYKIUU: - /" B
®=8,S=BScosa 14
@% ) )
34.2 SIBJIeHME BIEKTPOMArHUTHOM MHAYKIMK. DJIC MHIYKIMH + +
343 3aKoH 3eKTpoMarHuTHoOM nHaykuu dapanes:
AD
—_-= ——d' + +
gi - At - (I)t
At—0
344 OJIC wHAYKIMUM B TPSIMOM TNPOBOJHUKE IJIMHOW [, NBIDKyIIEMCS CO
CKOPOCTBIO U (5 11/ ) B OJIHOPOJIHOM MardMTHOM T0Jie B: " n

—

‘El.‘zBlvsina, I1e 0 — Yrol MeXAy BEKTOpOM B M IIOCKOCTHIO,
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
B KOTOpOIi nesxat Bextopsl [ U0 ;eciu [ LB u o 1L B, 1o ‘8,‘ = Blv
345 IIpaBuno Jlenna + +
3.4.6 d
WNuayktuBHOCTh: [ = 7 ,um © = L1
Al + +
Camounnaykuust. DJIC caMOMHIYKIIUK: 5Sl. =—L— =-LI"
! At—0
3.4.7 LI
DHeprus MarHUTHOTO MOJIS KaTyIIKH ¢ Tokom: W, = T + +
3.5 OJIEKTPOMAI' HUTHBIE KOJIEBAHUA U BOJIHbBI
3.5.1 Koneb6atenpHbiit KOHTYp. CBOOOIHBIE JIEKTPOMArHUTHBIE
KoseOaHus B UI€aTbHOM KOJeOaTeTbHOM KOHTYpE: c 3L
q(1)=q,.. sin(0t+,)
I(t)=gq,=0q,, cos(®t+¢,)=1_ cos(ort+@,)
o1 - *
@opmyna Tomcona: 7' =2ny/LC, OTKyJa = — = ——.
I +LC
CBsi3p aMIUIUTYBI 3apsa KOHACHCATOpa C aMIUIUTYIOW CHJIBl TOKa MpPH
CBOOOJHBIX AJIEKTPOMArHUTHBIX KOJIEOAHUSIX B HICATLHOM KOJeOaTeTbHOM
KOHTYypE: ¢, = =—"~
3.5.2 3aKOH COXpaHEeHHUs PHEPTUHU B HICATLHOM KOJICOATEIbHOM KOHTYpE:
+ -

max

2 2 2

cu* LI* CcU,. LI,
+ = = = const
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
3.53 BrIHyKIeHHBIE DJIEKTPOMAarHuTHbIE KoseOaHus. Pezonanc — +
3.54 [lepemennsiii Tok. Ilpom3BoacTBO, mepenada W TOTPEOJICHUE DSJIEKTPH- B n
YECKOU SHEPTUU
3.5.5 CBoiicTBa 3JIEKTPOMAarHUTHBIX BOJH. B3aumHas oOpueHTaluss BEKTOPOB . N
B 3JIEKTPOMAarHMTHOM BOJIHE B Bakyyme: E 1L B 1 ¢C.
3.5.6 [[Ixana »1€KTPOMArHUTHBIX BOJH. [IprMeHEHHE 3IEKTPOMArHUTHBIX BOJIH n n
B TEXHHUKE U OBITY
3.6 OIITHKA
3.6.1 [IpsimonHENHOE pacIpOCTpaHEHHE CBETA B OTHOPOAHOM cpene. JIyu cBera + +
3.6.2 3aKOHBI OTPAYKEHUS CBETA + +
3.6.3 [TocTpoenne n3o0paxeHU# B IIOCKOM 3€pKaje + +
3.6.4 3aKOHBI IPEIOMIICHHS CBETA.
Tpenomnenue ceeta: A, Sin oL = n, sinf3. m ™
AOCONIOTHBIN NTOKA3aTeNb MPETOMIICHHS:
c p
N = ; . n,
OTHOCHUTENBHBIN TOKA3aTEb MPETOMIICHUS + +
_n _y
nOTH nl U2 *
Xop JIydeil B ipusMe.
CooTHoIIEHHE YacTOT M COOTHOILIEHWE JJIUH BOJH TIpU MeEpexoje
MOHOXPOMAaTHYECKOI'O0 CBETA 4YEpe3 TpaHMIly pasfena JABYX ONTHUYECKUX
cpen: vV, =V,, mA; =n,\,
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
3.6.5 [Tonnoe BHyTpeHHee orpaxkenue. lIpenens-
HBI{ YTOJI TIOJTHOTO BHYTPEHHETO OTPAKEHUSL: n,
1 n
: —_- _% > - +
sino, = —= B
OTH 1 o ny
3.6.6 Cobwupatonue u paccenBaromue JuH3bl. ToHKas nuH3a. DOKYyCHOE paccTos-
N 1 + +
HUE ¥ ONTUYECKAs CUJIa TOHKOM JIMH3BL: D) = —
3.6.7 ®dopmyJsia TOHKOH JINH3bI: d T
I 1 1 )
— =
d f F H F
YBenuuenue, JaBaemMoe JIMH30M: )
h PN\
r = —= i
H d f
+ +
vV
B cnyuae paccenBaroniei JuH3bI
|
D<O=F=—<0
D
o LS
=—=L1c
H d
3.6.8 Xop myda, IpOLIEAIIET0 JUH3Y MO/ MPOU3BOIBHBIM YIJIOM K €€ TJIaBHOM
ontuyeckoil ocu. I[locTpoeHue M300pakKeHUN TOYKM U OTpe3Ka MPsIMOU - +
B COOMpAIONINX U pacCEUBAIOLINX JMH3aX U UX CUCTEMAX
3.6.9 doroanmapaT Kak onTudeckuid mpudop. I'1a3 kak onTuyeckas cuctema + +
3.6.10 WNurtepdepentus crera. KorepeHTHbIE UCTOYHUKU. Y CIIOBUS HAOTIOACHHS
MaKCUMyMOB U MHHHUMYMOB B UHTep()EPEHIIMOHHON KapTHHE OT JIBYX CHH- + +
(ha3HBIX KOTEePEHTHBIX UICTOYHUKOB!
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyemMoro CTaHAapTa cpeaHero (MoJIHOr0) 001ero oopa3oBaHus B I1OOII COO
3JieMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
MaKCUMYMBI — A = Zm&, m=0,t1,£2,£3,..,
2
A
MUHUMYMBI — A = (2m + 1)5 m=0,£1,+2,+3, ...
3.6.11 Hudpakuus ceera. {udpakuronnas pemérka. Y clioBue HaOII0ICHUS T1aB-
HBIX MaKCUMYMOB IIpM HOPMaJbHOM IaJICHUH MOHOXPOMAaTHUYECKOIO CBETA
C JUIMHOM BOJTHBI A Ha PEMIETKY C MEPUOAOM d- * *
dsing, =mh, m=0,£1,+2,£3, ..
3.6.12 ucnepcus ceeta + +
4 OCHOBBI CHHEITHAJIbHOH TEOPHH OTHOCHTE/IBHOCTH
4.1 MHBapraHTHOCTE MOZYJII CKOPOCTH CBeTa B Bakyywme. [IpmHmmm otrHocu- n n
TEJIBbHOCTH DUHIITEIHA
2
4.2 DHeprus cBOOOAHOM YacTUIbl: F = €
v
c2
= - +
- mv
WMiynibe yacTulpl: p = —-
v
1——
C2
4.3 CBs13b MacChl ¥ SHEPTHH CBOOOIHOM YACTHIIBI:
Ez—(pc)zz(mcz)z. _ +
OHeprus Mokost CBOOOAHOM yacTuLbl: E, = me?
5 KBAHTOBAA ®U3UHKA
5.1 KOPITYCKYJIAPHO-BOJIHOBOH JIVAJIH3M
5.1.1 ['unote3a M. [1nanka o kBantax. ®opmyna [lnanka: £ = hv + +
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
5.1.2 he
®otonbl. JHeprus gortoHa: E = hv = 7 = pc.
+ +
E hv _h
Wmnynsc dorona: p = —=—=—
c ¢ A
5.13 ®otorddext. OnbiTel A.I'. CtoneroBa. 3akoHbl hoTodddexra — +
5.14 VYpaBHeHue DiiHmTelHa Ui GoTodddexra:
E (dorona = ABmxoaa + E KUH max >
hc hc
rae EQ)OTOHa = hV = 7’ ABLIXOL[a = hVKp = 7\’ ’ + +
Kp
2
mv
— max
KUH max - eU3an
5.1.5 Bonnoseie cBolicTBa yactull. BoaHsl ne bporins.
. . h h
Jlnmvna BonHbI e Bpoiins aBmkymmeiics yacTuip: A = —=——.
p mv + +
KopmyckyssipHo-BostHOBOH nyanm3Mm. Judpakiust 37IeKTpOHOB Ha KpHC-
TajuIax
5.1.6 JlaBnenue ceera. [/laBineHue cBeTa Ha IOJIHOCTBIO OTPAXKAIOIIYIO IOBEPX- N
HOCTb U Ha MOJHOCTBIO NOTJIONIAIOILYI0 TOBEPXHOCTh
5.2 DOU3UKA ATOMA
5.2.1 IInanerapHas mozenb aroma + +
522 [Tocrynarer bopa. M3nyuenue u mnorsjomieHue (GOTOHOB INpU MEPEXOJe
aTOMa C OJJTHOTO YPOBHS SHEPIUU HA JPYTOM:
he + +
hv,,, = =|E,-E,|

mn

© 2022 denepanpHas ciyk0a 1Mo HaA30py B chepe 0OpazoBaHMs U HAYKH



Komudukarop EI'2 2022 r.

OU3UKA, 11 xmacec. 27/27

Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue mozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypo8eHb | yenyONEHHbLU YPOBEHb
523 JIuneliuaTeie CIEKTPBHI.
CrniekTp ypoBHEH 3HEpruu aToMa Bojiopoja: . .
E, =w, n=1,2,3, ..
n
524 Jlazep - +
53 OU3UKA ATOMHOI O A/IPA
5.3.1 Hyxnonnas monens siapa I'eitzen6epra — Banenko. 3apsa aapa. MaccoBoe + +
quciio sapa. M3oromnsl
532 OHeprus CBs3U HYKJIOHOB B spe. S 1epHbIE CUIIBI + +
5.3.3 Hedexr maceot smpa 5X: Am=Z -m, +(A=Z)-m, —m,, + +
534 PannoakTUBHOCTbD.
Aunbda-pacna: IEX%AZ__‘;Y + ;‘He.
bera-pacna.
y A A 0, + +
OnextpoHHsIi B-pacnan: , X—, Y + _je+V,.
IMosutponnsiii B-pacman: 5 X — A Y + e +v,.
["amMMa-u3yueHue
535 _t
3aKoH paJMOaKTHBHOIO pacmaga: N (t) =N,-2 r N N
t
ITycth m — Macca pagiHoakTHBHOTO BemecTsa. Torna m(f)=my2 T
5.3.6 SAnepubie peakuuu. JleneHue u CUHTE3 Alep + +
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