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Koaudukarop
NpoBepsieMbIX TPe0OBaHMIl K pe3y/1bTaTaM 0CBOCHUS OCHOBHOII
o0pa3oBaTeIbHOIl IPOrpaMMbI cpeHero o011ero 06pa3oBaHus M 3JIeMEHTOB
co/iep;KaHus 1151 IPOBeJeHHs eIMHOI0 roCyJapCTBEHHOI0 IK3aMeHAa
no ®U3NKE

Komudukatop mnposepsieMbix TpeOOBaHMI K pe3yibTaTaM OCBOCHHS
OCHOBHOW 00pa30BaTeIbHOM MPOTpaMMBI  CpeJHEro oO0Imero oOpa3oBaHUs
U 3JIEMEHTOB COJICPKAHUS JUISA NIPOBEICHHS SIMHOTO TOCYJapCTBEHHOTO 3K3aMeHa
no ¢muke (mamee — KOAM(DHKATOpP) SBISIETCS OTHHM M3 JIOKYMEHTOB,
OTPENENsIOMUX CTPYKTYPY M COAEp)KaHWE KOHTPOJIBHBIX H3MEPUTEIBHBIX
marepuanoB (manee — KHMM). Komudukarop sBiasercs cHCTeMaTH3MPOBAHHBIM
HEepeYHeM TIPOBEepsieMBIX TpeOOBaHMIT K pe3yiabTaTaM OCBOCHUS OCHOBHOU
00pa3oBaTeIbHONH MPOrpaMMBbI CpelHero oomiero o0pa3oBaHUsS W DIECMEHTOB
coJiep)KaHHsl, B KOTOPOM Ka)KI0MY OOBEKTY COOTBETCTBYET OMpPeNeIEHHBIN KOI.

Komndukarop mOKa3sIBacT MPEEMCTBEHHOCT MEXIY IOJNOKECHHAMH
(enepanbHOro rocyIapcTBEHHOTO 00pa30BaTEIbHOTO CTAaHJAPTa CPEIHETO OOIIEro
obpazoBanus (manee — DPI'OC COO) (nmpuka3z MuHHCTEpcTBA 00pa30BaHUs
u Hayku Poccuiickoit ®enepanmun ot 17.05.2012 Ne 413 ¢ wu3MeHeHUsIMH,
BHECEHHBIMM IpuKazaMu MuHucTepcTBa 00pa3oBaHuss U Hayku Poccuiickoit
Oenepannn ot 29.12.2014 Ne 1645, ot 31.12.2015 Ne 1578, o1 29.06.2017 Ne 613,
npukazamMu MuHucTepcTBa npoceemeHust Poccuiickoii @enepanuu ot 24.09.2020
Ne 519, or 11.12.2020 Ne 712) u ¢enepambHOTO KOMIIOHEHTa TOCYAAPCTBEHHOTO
00pa30BaTeNFHOTO CTAaHIapTa CpeqHero (ToJIHOro) obmero oopasoBaHus (IpHKa3
MunoGOpazoBanusi Poccuiickoit  @enepaumu ot 05.03.2004 Ne 1089 «O6
YTBEP)KACHUH (elepaqbHOro KOMIIOHEHTa TOCYNApCTBEHHBIX 00pa30BaTeIbHBIX
CTaHIapTOB HAYaJbHOTO OOIIEro, OCHOBHOTO OOMIEr0o M CpeaHero (IOJHOTO)
o0mero o0pa3oBaHUs» C H3MCHCHUSIMH, BHECEHHBIMU TpHKa3aMH MHHHCTEpCTBA
oOpasoBanuss u Hayku Poccuiickori ®@epepanuu ot 03.06.2008 Ne 164,
or 31.08.2009  Ne 320, o0t119.10.2009 Ne427, or10.11.2011  Ne 2643,
o1 24.01.2012 Ne 39, ot 31.01.2012 Ne 69, ot 23.06.2015 Ne 609, ot 07.06.2017
Ne 506) mo dusuke.

Koaugukarop cocTouT U3 IBYX pa3aeios:

— pasgen 1. «IlepeueHs mpoBepseMBIX TPeOOBaHUH K pe3yNbTaTaM OCBOCHHS

OCHOBHOH 00pa30BaTeNbHOW IPOrpaMMbI CpeIHEro oO0Iero oOpa3oBaHUS

1o Qpu3uKey;

— paszgen 2. «[lepeueHb >MEMEHTOB COAEPXKAHUS, MPOBEPSIEMBIX HAa EIMHOM

TOCYapCTBEHHOM 3K3aMEHE 10 (PH3HKE».

B xommdukatop He BKIIOYECHBI TpPeOOBAaHMSA K pe3yNbTaTaM OCBOCHHS
OCHOBHOM 00pa30BaTEeNIbHOW TMPOTrpaMMBI  CpeaHero oOmiero o0Opa3oBaHuUs
1 DIEMEHTHl COAEPXKAHHSA, JOCTIKEHHE KOTOPBIX HE MOXET OBITh IPOBEPEHO
B paMKax roCyIapCTBEHHON HTOTOBOH aTTECTaLlUH.
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Paszgea 1. [lepeuens npoBepsieMbIX TPeOOBaHUI K Pe3yJibTATAM OCBOEHHsI OCHOBHOM 00pa30BaTe/IbHOI MPOrpaMMbl

[lepeyeHp TpeOOBaHMI K pe3ysbTaTaM OCBOCHHS OCHOBHOHM 00pa3oBaTeIbHOM MpPOTPaMMBI CPEIHEro OOmIero oOpa3oBaHHs ITOKA3bIBACT
MIPEEeMCTBEHHOCTh TPeOOBAaHUI K YPOBHIO MOATOTOBKH BBITYCKHHKOB Ha OCHOBE ()efepaibHOr0 KOMIIOHEHTAa TOCYJAapCTBEHHOIO 00pa30BaTEILHOTO
cTaHgapTa cpeaHero (mosHoro) oOmiero oopa3oBaHus (0a30BbIM M MpoduiIbHBIN ypoBHU) 10 ¢Gusuke U TpedoBanuii PI'OC COO k pesynpTaTaMm
OCBOCHHS OCHOBHOHM 00pa3oBaTeIbHOM MPOTrpaMMBbI CPEIHETO 00IIero 00pa3oBaHusl, JOCTIKEHHE KOTOPBIX poBepsiercs B xoae EID.

Tao0muma 1

Kon
KOHTPOJIN-
pyeMoro
TpedoBa-
HHSA

TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHSI OCHOBHOI 00pa3oBaTeIbHOM MPOrpaMMBbl CpeHero oouero oopa3oBanus,

npoBepsieMble 32JaHUSIMH IK3aAMEHAIMOHHOM padoThI

DenepabHbIH KOMIIOHEHT IOCYy1apCTBEHHOI0
00pa30BaTeIbHOIO CTAHJAPTA CPeIHEero 0o1ero
o0pa3zoBaHus

ProcC Coo

0a308blil ypoGeHb

VenyONEHHBLI YDOBEHD

1

3namv/nonumame:

1.1

CMBICJT PU3UYECKUX TTOHSITUHN

1.2

CMBICJI (i)I/ISI/I‘IeCKI/IX BCJINYHH

1.3

CMBICJI (1)I/I31/I'-IGCKI/IX 3aKOHOB, ITPUHIIUIIOB, ITOCTYJIATOB

— cOpMUPOBAHHOCTh  TPEICTAB-
JeHuil o ponu U Mecte (U3MKHU
B COBPEMEHHOM HAay4HOW KapTuHE
MHpa; TIOHMMaHue (usnuecKon
CyHIHOCTH HabmomaemMsix Bo Bce-
JIEHHOH SIBJIEHUI; HOHUMaHHUE POJIU
¢u3ukn B (GOopMHUPOBAHUHM KPYTO-
30pa U (PYHKIMOHAJIBHON TpamoT-
HOCTH YeJIOBEKa JUIsl pelieHus
MPaKTUYECKUX 3a/1a4;

— BJIaJICHUE OCHOBOIOJIATraloIUMU
(bU3MYECKUMU TOHITUSIMH, 3aKOHO-
MEpPHOCTSIMHU, 3aKOHAMU U TEOPHsi-
MH; YBEPEHHOE MOJIb30BaHue U3U-
YECKOM TEPMHUHOJIOTHEN W CUMBO-
JIMKOU

— c(hOPMUPOBAHHOCTh CHUCTEMBI 3Ha-
HUHA 00 oOmmx (U3HYECKUX 3aKOHO-
MEpHOCTSIX, 3aKOHAX, TEOPHUSX, Mpe.-
CTaBJIEHUI O OelcTBUM BO BceleHHONI
(U3HYECKUX  3aKOHOB,  OTKPBITBIX
B 36MHBIX YCJIOBUSIX;

— BJIaJICHUE OCHOBOIIOJIaraloIIMMHU
Gbu3MYECKUMU TOHATHAMH, 3aKOHO-
MEpPHOCTSIMHU, 3aKOHAMH M TEOPHUSIMU;
YBEpPEHHOE TOJIb30BaHUE (PUINUYECKOM
TEPMUHOJIOTHEN U CUMBOJIMKOMN

Ymemn:

2.1

OIMCHIBATh U OOBACHSITD (1)I/I3I/I'-ICCKI/IG SIBIICHUS U CBOM-
CTBa TCJI

— BJIaACHUC OCHOBOIIOJAararoninuMu
(1)I/IBI/II-ICCKI/IMI/I MHNOHATHUAMU, 3aKOHO-
MCPHOCTSAMH, 3aKOHAMU M TCOpPHA-

— BJIaJICHUE OCHOBOTIOJIATAIOITUMU (u-
3UYECKUMU  NOHATHUSIMH,  3aKOHO-
MepHOCTHMI/I, 3aKOHaAMHU " TGOpI/ISIMI/I;
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Kon TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI 00pa3oBaTeIbHOI MPOrpaMMbl CpeHero oomero oo0pa3oBanus,
KOHTPOJIH- nposepsieMble 3aJaHMAMHU IK3aMEHALMOHHOM padoThl
pyemMoro ®engepanbHbIi KOMIIOHEHT IOCY1apCTBEHHOI 0 P1rocC COO
TpedoBa- 00pa3oBaTeILHOI0 CTAHIAPTA CPeIHEro o01ero 0a3086biil yposeHs VenyonéHnblll ypoeeHs
HUS o0pa3oBaHusi
MU; YBEpEHHOE MOJIb30BaHue (pU3H- | yBEpEeHHOE MOJIb30BaHHE (HU3NIECKON
4eCKOM TEPMHHOIOIHEH M CHMBO- | TEPMHHOIOTUEN M CHMBOIHUKOIM !
JIMKOM
2.2 OIUCBIBATh M OOBACHATH PE3YyJbTAaThl SKCIEPUMEHTOB; | — C(OOPMUPOBAHHOCTh YMEHUS MpPU- | — CHOPMHUPOBAHHOCT YMEHHS IpHUMe-
OIIUCHIBATH Q)YHI[aMeHTaJ'IBHBIe ONBITHI, OKAa3aBIIIHE MCHATH IIOJTYYCHHBIC 3HAHUA [JIA | HATb NOJYYCHHBIC 3HAHUA [JIA 005-
CYIECTBEHHOE BIMSHNUE HA Pa3BHTHE (QU3NKH OOBSICHEHUS] yCJIOBMM TNPOTEKaHUs | SICHEHUS YCJIOBUM IpoTekaHus (u3u-
23 - (Gu3NYeCKUX SBICHUH B MPHPOJE | YECKUX SBJICHUH B TPHUPOJE U JUIA
. PUBOINUTH NPHUMEPBHl IPAKTUYECKOIO IPUMEHEHUs -
dAEYe KX ABAHNH, SAKOHOR HHIHKH WA . NPUHATHA ~ NPaKTHYECKMX | NPHHATHA TMPAKTHYECKAX — PpeICHHH
pelIeHNi B TOBCEIHEBHOM J)KU3HU | B IOBCEAHEBHOM KU3HU
24 OTpeNieNATh Xapakrep (PU3MYECKOro Impolecca Mo rpa- | — cOpMUPOBAHHOCTh COOCTBEHHOMN | — COPMHUPOBAHHOCTE  COOCTBEHHOM
¢uxy, Tabnuie, popmyIie; IPOIAYKTHI SACPHBIX PEAKIUN | IO3UIIMU MO OTHOUICHHIO K (DM3H- | TIO3UIUH 10 OTHOLICHHIO K (U3nvec-
Ha OCHOBE 3aKOHOB COXPaHEHMs »HIIEKTPUUYECKOIO | YeCKOM MH(popMalMHy, MojydyaeMoil | Ko HH(opManuu, Moixy4aeMol wu3
3apsi/ia ¥ MacCOBOIO YUCIIA 13 pa3HbIX HICTOYHUKOB pa3HbIX UCTOYHUKOB
25.1 OTIMYATh THUIIOTE3bl OT HAyYHBIX TEOPHM; JAelIaTh | — BIaJCHUE OCHOBHBIMH METOIAMM | — BJIaJICHUE YMEHUSMH BBIABUIaTh T'U-
BBIBOJII HA OCHOBE OJKCIEPUMEHTAJbHBIX JaHHBIX; | HAYYHOTO IIO3HAHMSI, HCIOJb3ye- | IOTE3bl Ha OCHOBE 3HAHMSI OCHOBO-
NPUBOJIUTh TPUMEPHI, MOKa3bIBAIOLIME, 4TO: HAOmIO- | MBIMH B (u3uke: HaOI0JeHNe, | HoJararomux GU3NIECKUX 3aKOHOMED-
JEHUST W DKCHEPUMEHT SIBJISIIOTCS OCHOBOM ISl | OMMCAHWE, W3MEpPEHHUE, OSKCIEepU- | HOCTeH M 3aKOHOB, IPOBEPATh MX
BBIJIBU)KECHUS TUIIOTE3 U TEOPHI, IO3BOJISIFOT IPOBEPUTH | MEHT;  yMEHHUS ~ 00pabaThIBaTh | SKCIEPHUMEHTAIBHBIMU  CPEICTBAMU,
UCTUHHOCTh TEOPETUYECKUX BBIBOJIOB; (DU3MYECKas | pe3yJbTaThl HU3MEPEHUH, OOHapy- | GOpMYIHPYS LENb UCCIETOBAHMS
Teopust Ja€T BO3MOYKHOCTh OOBSCHATh M3BECTHBIE | )KUBATh 3aBUCUMOCTb MEXTY (HU3U-
SIBJICHUS TPUPOJABI U HAaydHbIE (aKThl, MPEJICKA3bIBATh | YECKUMH BEIWYMHAMH, OOBICHATH
1€ HE U3BECTHBIC ABJICHUS MIOJIy4YE€HHBIE PE3YJIbTaThl U JEJIaTh
252 IPUBOJUTH IPUMEPHI OIBITOB, MIUTFOCTPUPYIOLIUX, YTO: | BEIBOJBI

HaOJIOIEHUS] M SKCIEPUMEHT CiyXaT OCHOBOH Juis
BBIJIBUKEHUS TUIIOTE3 U IIOCTPOCHMSI HAYYHBIX TEOPUH;
OKCIIEPUMEHT  IO3BOJIAET  INPOBEPUTb  HMCTUHHOCTD
TEOPETUYECKUX BBIBOJIOB; (pu3Mueckas Teopusl MaéT

! 31ech m manee BKIIOYEH pe3ynbTaT oOydeHHs Ha 6a30BOM yPOBHE, Tak Kak m. 9.6 ®I'OC mpeamonaraer, 9To «TpeGoBaHUs K IPEAMETHBIM PE3YIIBTATAM OCBOCHHS YIIyOIEHHOTO
Kypca (pU3UKH JTOJDKHBI BKIIIOYATh TPEOOBAHMS K pe3yJIbTaTaM OCBOCHUs 0a30BOI0 Kypcay.
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Kon TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI 00pa3oBaTeIbHOI MPOrpaMMbl CpeHero oomero oo0pa3oBanus,
KOHTPOJIH- nposepsieMble 3aJaHMAMHU IK3aMEHALMOHHOM padoThl
pyemMoro ®engepanbHbIi KOMIIOHEHT IOCY1apCTBEHHOI 0 P1rocC COO
TpedoBa- 00pa3oBaTeILHOI0 CTAHIAPTA CPeIHEro o01ero 0a3086biil yposeHs VenyonéHnblll ypoeeHs
HUS o0pa3oBaHusi
BO3MOXHOCTb OOBSCHATH SIBJICHUS IPUPOABI M HAYUHBIE
¢dakThl; Qunveckas TeOpUs MO3BOJISIET MPEICKA3bIBATh
eIé He W3BECTHBIE SIBJICHHUA M MX OCOOEHHOCTH; NpHU
OOBSICHEHMH MPHUPOJHBIX SIBICHUNH  HCIIONB3YIOTCS
¢usuueckue MoOJeNnu; OAMH U TOT K€ TNPHUPOIHBIN
OOBEKT WJIM SIBJICHHE MOXKHO HCCIIE[OBATh Ha OCHOBE
UCIIOJIb30BAaHUSl pa3HBIX MOJEJeH; 3aKOHBl (U3MKU
U QU3NYECKUE TEOpUU MMEIOT CBOM ONpEeIeIEHHbIE
T'paHUIIbI IPUMEHUMOCTH
253 U3MEpATh  (PU3MUECKUE BEIWYMHBI, IMPEACTaBIATH — BJIQJICHUE METOJaMHU CaMOCTOSITEIb-
pe3yJIbTaThl U3MEPEHUH C YUETOM MX MOTPEITHOCTEN HOTO IUIAaHUPOBaHUA W TNPOBECACHUA
(GU3NYECKUX SKCIEPUMEHTOB, OIMCa-
HUS U aHaAJIM3a IOJYyYEHHOW H3MEpH-
TeAbHOW MH(OpPMaMK, ONpeeTIeHUs
JIOCTOBEPHOCTH TOJIYYEHHOTO PE3YJib-
TaTta
2.6 NPUMEHSTHh  TIOJIy4eHHBIE 3HAaHUS IS peUIeHus | — COPMUPOBAHHOCTh YMEHHS pe- | — CHOPMHUPOBAHHOCTh YMEHHS peEIIaTh
dsnyeckux 3amaq 1aTh GU3NYECKUE 3a1a4H ¢buznyeckue 3a1aun
3 Hcnonvzoeamsv npuoodpeménnvle 3HAHUA U YMEHUSA
6 NPAKMUYECKOUl 0eAmenbHOCHU U NO6CEOHEEHOI
HCU3HU:
3.1 Ui obecrieueHust 0e30MacHOCTH KU3HENESITEIbHOCTH | — C(POPMUPOBAHHOCTh YMEHUS MPH- | — COOPMUPOBAHHOCTh YMEHHS HCCIe-

B [IPOIIECCE HCIOJIb30BAHUSI TPAHCIIOPTHBIX CPEJICTB,
OBITOBBIX AJIEKTPONPUOOPOB, CPEICTB paavo- U Teje-
KOMMYHHKAIIIOHHOM CBSI3U; OLIEHKH BIIMSHUS 3arps3-
HEHHUS OKpYyXalolleld cpelpl Ha OpraHu3M YeloBeKa
U Ipyrue OpraHu3Mbl; panMOHAIBHOIO  IIPHUPOIO-
MOJIb30BaHUS U OXPaHbl OKPY KaloIel cpeibl

MEHSTh TOJYYCHHbIE 3HAHUSA IS
OOBSCHEHHS YCJIOBUN MPOTEKAHMS
¢bu3nuecKkux SBIEHUN B TMpUpPOIE
U8 TPUHATHS — OPAKTHYECKUX
pEIIeHI B TOBCEIHEBHON KU3HU

JI0BaTh M aHAIM3UPOBATH PazHOOOpa3-
Hble (QU3NYECKUe SBJICHUS U CBOWCTBA
00BEKTOB, OOBSCHITH MPUHIIMAIBI Pa-
O00TBI M XapaKTePUCTUKU TPUOOPOB
U YCTPOUCTB, OOBACHATH CBSI3b OCHOB-
HBIX KOCMHUYECKHX OOBEKTOB C Te€0-
(U3NYECKUMU SIBJICHUSIMU
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Kon TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI 00pa3oBaTeIbHOI MPOrpaMMbl CpeHero oomero oo0pa3oBanus,
KOHTPOJIH- nposepsieMble 3aJaHMAMHU IK3aMEHALMOHHOM padoThl
pyemMoro ®engepanbHbIi KOMIIOHEHT IOCY1apCTBEHHOI 0 P1rocC COO
TpedoBa- 00pa3oBaTeILHOI0 CTAHIAPTA CPeIHEro o01ero 0a3086biil yposeHs VenyonéHnblll ypoeeHs
HUS o0pa3oBaHusi
3.2 JUIsSL OTIpe/IeIeHUs] COOCTBEHHOW MO3MIMU MO OTHOIIE- | — C(hOPMUPOBAHHOCTH COOCTBEHHO! | — C(OOPMUPOBAHHOCTh YMEHMH MPOT-
HHIO K SKOJOTMYECKMM TIpo6JIeMaM M TOBeJeHHIo | IIO3HIMA [0 OTHOLICHHIO K ()M3M- | HO3HPOBATh, AHAIM3UPOBATh U OLICHH-
B IIPUPOJIHOM cpejie 4yeckoi MH(pOpMaIMH, MOJTy4yaeMoi | BaTh NOCIEACTBHA OBITOBOI M TpoU3-
13 pa3HbIX UCTOYHUKOB BOJICTBEHHOH JI€ATEIbHOCTH YEJIOBEKa,
CBSI3aHHOM € (PU3MUECKUMH Tpoliec-
caMH, C TO3WIHH SKOJIOTHUECKOM
0e30macHOCTH
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Pazgen 2. IlepedyeHb 3JIeMEHTOB COJePAKAHNS, IPOBePsieMbIX HA eINHOM rOCy1apCTBEHHOM 3K3aMeHe Mo pu3uke

[lepeyeHp »s1eMeHTOB cojaepkaHus, mpoBepsieMbix Ha EID mo ¢usuke, IEeMOHCTPUPYET MPEEMCTBEHHOCTh COAEp)KaHUS pasJena
«O0s3aTeNbHBIIT MUHUMYM COJIEpKaHUsI OCHOBHBIX 00pa30BaTENbHBIX MPOrpaMM» (ellepalbHOT0 KOMIIOHEHTA TOCYIapCTBEHHOTO 00pa30BaTeIbHOTO
CTaHJapTa cpegHero (mMosiHOro) obmero obpasoBanusi mo ¢usuke U [IpuMepHOl OCHOBHOW 00pa3oBATENBHOIN MPOrpaMMBI CpPETHEro OOIIero

obOpazoBanus (omoOpeHa pemieHHeM (enaepaabHOTO YYeOHO-METOMUECKOro O0BeAMHEHUs 1Mo 00meMy oOpazoBaHuio (mpotokos oT 28.06.2016 .
Ne 2/16-3)).

Tabnuia 2
Kon Kon DJIeMEHTBI CO/IepPKaAHMs, IPOBepsieMble 3aJaHUAMU IK3aAMEHAIIMOHHOH padoThl
pa3neja | KOHTPOJIH- DenepajbHbIi KOMIIOHEHT IOCY1aPCTBEHHOI0 00Pa30BaTeJIbHOI0 Hanuuune nmo3unuiit ®K I'OC
pyemoro CTAaHAPTAa CpeHero (MoJHOro) 001ero 0opa3soBaHusi B [100OI1 COO
3JIeMEeHTa 0a306vlll YPOBEHD ‘ VenyOnéHHbIIL YPOBeHb
1 MEXAHHKA
1.1 KMHEMATHUKA
1.1.1 Mexannueckoe nBuxeHne. OTHOCHTEILHOCT, MEXAHUYECKOI'O JIBMKCHUS. n n
Cucrema orcuéra
1.1.2 MarepuanbHasi TOUKA. 7 A TpaeKTOpHA
E€ panuyc-Bekrop: 7 (t) = (x(t), y(t ),z(t)),
TpaeKkTopus,
TepeMeIeHue: il Ar
Ar=r(t))—r(t)=r,—r = o + +
= (Ax ’ Ay ’ Az )9 9] 7"2 >
yTh. y
CrnoxxeHue nepeMeIeHmi: X
AF, = AF, +AF,
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Kon Kon DJIeMeHTHI CoJIep:KaHMsl, IPpoBepsieMble 3aJaHUSIMH IK3aMEeHALMOHHOI padoThl
pasznesa | KOHTPOJIU- DenepajbHbIil KOMIIOHEHT rOCYyIaPCTBEHHOT0 00Pa30BaTeJIbHOI0 Hannune no3unuiit ®K 1oC
pyemoro CTaHAPTAa cpeHero (M0JHOro) 001ero oopa3oBaHus B [10OII COO
3JIeMEHTAa 0a306vlil ypoBeHb | yenyONEHHbIU YPOBEHb
1.1.3 CkopocTh MaTepHUaIbHOW TOUKH:
Y A’_; =50 —
v=— =7 =(v,,0,,0.),
t At—0
Ax
v =— =X/, ananoruuno v =y', V. =z, . + +
X A t? y to z t
t At—=0
Cnoxenue ckopocreit: U, = U, + U,
Bolunicnenne mepeMenieHMss M IyTH  MaTepUAlbHOM TOYKH  IIPU
MPSIMOJIMHEHOM JABM>KEHUHU BJOJIb OCHU X MO IpadUKy 3aBUCUMOCTH 0x(1)
1.1.4 AD
v - =
YckopeHue MmaTepuanbHON TOUKU: d = —— =v/'= (a ,a. .,da ),
At X y z
At—=0
A + +
(%)
— X — ! _ ! — !
a,=— =(v,),', ananoruuHo ay_(vy)t, a,=(v,)
At—0
1.1.5 PaBHOMEpHOE IPSAMOJIMHEMHOE JBUKEHUE:
x() =x, + Ut + +
V. (t)=,, =const
1.1.6 PaBHOYCKOpEHHOE IIPSIMOJIMHEWHOE JABUKCHUE:!
2
at
J— X
x(t)=x,+0,t+
v()=y, +at
+ +

a,=const

Uzzx _vlzx =2a, (xz _xl)

Uty
2

HpI/I JABWMKCHHUU B OOHOM HaIIPAaBJICHHUU IIYTb S =
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Kon Kon DJIEeMEHTHI COJIep:KaHNsl, TPOBepsieMble 3aJaHUSIMH JK3aMECHALMOHHON padoThl
pa3aeina | KOHTPOJIH- DenepabHbIi KOMIIOHEHT FOCYy1apCTBEHHOT0 00Pa30BaTe/JILHOI0 Hannuyne no3unuit ®K 1oC
pyeMoro CTAaHJAPTA cpeaHero (M0JHOro) 001mero 0opa3oBaHus B [10OII COO
3JIeMEeHTa 0a3086blll ypoGeHs | yenyOIEHHbIL YPOBEHD
1.1.7 CBoOoaHoOe majieHue. Y CKopeHue y _
CBOOOIHOTO MajieHus. JIBuKeHne - v,
Tena, OPOIIEHHOTO IO YTJIOM o lg
K TOPU30HTY:
Yo &
O x x
_ _ — +
x(t) =x, + 0, t =x,+V,coso-t
2 2
8,1 : t
y()=y, + 0y, t+=——=y, +vos1na-t——g
2 2
v.(t)=v, =v,cosa
v,(H)=1,, +g=1,sina—gt
g, =0
g, =—g =const
1.1.8 JIBrm>KeHrE MaTepUaIbHON TOUKH IO OKPYKHOCTH.
VrioBasi W JiMHEHHas CKOpOCTh Touku: UV =R . Ilpu paBHOMEpHOM
27
ABMKEHUU TOUKHU IO OKPY)KHOCTU (0 = — = 27V . LleHTpocTpemMuTensHoe n n
v,
YCKOPEHHE TOUKM: @, =— =0 R
1.1.9 TBépnoe teno. [locTynaTenbHOE U BpallaTeNbHOE IBHKEHHE TBEPIOTO TEJIA — +
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Kon Kon DJIEMEHTBI COJeP/KaAHMs, IPOBEpsieMble 32 JaHUSIMH IK3aMEeHAIMOHHOI padoThI
pasjaeia KOHTPOJIN- DeepabHbIH KOMIIOHEHT FOCY1aPCTBEHHOI0 00pPa30BaTE/IbHOIO Hanunuue no3unuit ®K I'0OC
pyeMoro CTaHIAPTa cpeaHero (IM0JHOro) o01mero 0Opa3oBaHus B [10OI1 COO
3J1eMEHTa 0aszosbiill ypogeHs | yenyOnéHHbLU YPOGeHb
1.2 HHHAMUKA
1.2.1 Nuepuumaneueie cucreMmsl orcuéra. [lepseiii 3akoH Hprorona. IlpumHnun n .
OoTHOcUTENbHOCTH ["annmes
1.2.2 m
Macca tena. [lmotHOCTS BemiecTBa: p = — + +
V
1.2.3 - —F 4 F
Cuna. Ipunuun cynepnosuuus cum: Fopo e = Fi+F,+.. + +
1.2.4 Bropoii 3akon Hetorona: 115 marepuanbHoit Touku B 1ICO
= _ - = + +
F=ma; Ap = FAt npn F = const
1.2.5 Tpetuit 3aKOH HrroTona IS
MarepraibHbIX TOUEK: F|, = —F,, N o = -
Fiz F. 21 + +
1.2.6 3aKOH BCEMHMPHOTO TATOTEHMS: CHJIBI IPUTSIKEHUS MEXIY TOUYEHYHBIMU
mm
Maccamu pasubl F = G ——= ] a
R
Cwia Tsoxectu. LleHTp TskecTH Tena. 3aBHCUMOCTb CHJIBI TSKECTH OT + +
BBICOTHI /1 HaJl TOBEPXHOCTHIO TIAHETHI pajinycoM Ro:
GMm
mg=———
2
(R, +h)
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Kon Kon DJIEeMEHTBI CO/IePKAHMS, IPOBepPsieMble 3a1aHUAMH IK3AMEHALIMOHHOW padoThl
paszaesa | KOHTPOJIH- ®enepanbHbIii KOMIIOHEHT IOCYyJaPCTBEHHOI0 00pa30BaTeIbHOIO Hammuue no3numii ®K I'OC
pyemMoro CTaHAPTAa cpeHero (MoJHOro) oo1ero 0opa3oBaHusi B I[1IOOII COO
3JIEMEHTA 0a3086blll YpO8eHb | y2nyONEHHbILL YPOBEHD
1.2.7.1 JIBukeHne HEOECHBIX Te€l M HMX HCKYCCTBEHHBIX CIIyTHUKOB. llepBas
KOCMUYECKasi CKOPOCTb:
GM
Vi =+ &Ry =«f R,
1.2.7.2 BTopas kocMuueckasi CKOpOCTh:
2GM
UZK = \/EUIK =
R,
1.2.8 Cuna ynpyrocru. 3akon I'yka: F = —kx
1.2.9 Cuna tpenusi. Cyxoe TpeHHe.
Cuna TpeHUs CKOJIbXKEHUS: F,, =uUN
Cuia TpeHus TOKOSI: F,, SuN
Koaddurment tperus
1.2.10 F
JlaBnenue: p=—=
S
1.3 CTATHKA
1.3.1 MOMEHT CUIIBI OTHOCHUTEIIBHO OCH BPAILICHUS:
|M| = FI, rne [ — mievo cuibl [ OTHOCHTENBHO .
OCH, TPOXOJAlel yepe3 Touky O
MEPIEHIUKYIISIPHO PUCYHKY o
1.3.2 Hentp macc Tena. LlenTp Macc cucTeMbl MaTEPUAIIBHBIX TOYEK:

oM.

. B o1HOpOIHOM 1IOJIE TSKECTH ( g= Const)
m;+m,+..

LHCHTP MACC TCJIa COBIIAAACT C €TO LICHTPOM TAKCCTHU
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hamnuue no3unmii ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JieMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
133 ) M +M,+...=0
VYcnoBus paBHoBecust TBEpaoro tena B UCO: ¢ . — +
F+F+..=0
1.34 3axoH [lackans + +
1.3.5 Jasnenue B xkuakocTu, nokosmencs 8 UCO: p = p, +pgh + +
1.3.6 3akoH Apxumena: F aps =~ Pasirecn. >
€CIIN TeJO M KUAKOCTh nokostes B UCO, to Fy\ =pgV, o + +
YcioBue M1aBaHus Tel
1.4 34KOHbI COXPAHEHHUA B MEXAHUKE
1.4.1 My sibc MaTepuaibHOil TOUKH: P = mb + +
1.4.2 WMnyniec CHCTEMBI TENL: p = P, + P, + ... + +
1.4.3 3aKOH U3MEHEHHUS U COXPAHEHUS UMITYJIbCA!
BI/ICO AﬁEA(ﬁl+p2+"')=FlBHCIHHAt+F2BHCIHHAt+"'; + +
B ICO AU EA(pl +p2 +):0’ cCIn EBHCMH +F2BHeIHH +...=0
1.44 Pabota cuibl Ha MajaOM NEepeMELCHUN: .
A:‘ﬁ‘-‘AF‘-cosa:Fx~Ax F
+ +
AF X
1.4.5 MOIHOCTb CHJIBL:
eciu 3a Bpems At paGora cuibl usmMensercs Ha AA, TO MOIIHOCTD CHJIBI
AA + +

P=—o
At

=F-v-cosqa .{V_.
At—0 oy F
1%
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JieMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
2 2
. mv-_p
1.4.6 Kunernueckas sHeprus MaTepHanbHoi Touku: F = =——=-"—.
2 2m N N

3aKOH U3MEHEHHS] KUHETUYECKOW SHEPTUH CUCTEMbI MaT€pUaAIbHBIX TOUEK:
B MCO AEKI/[H :Al +A2 + ..

1.4.7 [loTeHunanbHas SHEPIUs:
A7 OTEHUHMANBHBIX CUT A, = E o —FE, . =—-AE . .
[TorenmanpHast HEPTrUsl MaTEPUATIBHOW TOYKHU B OJHOPOJHOM I10JI€
TOKECTH: E . = mgh . . .
[MoTennuanpHas HEprUs ynpyro aeGopMupoBaHHOTO Teia:

MOTEeHI B

1.4.8 3aKOH U3MEHEHUS U COXPAaHEHUSI MEXaHUYECKON SHEPTUU:
Frvex = Exun + EHOTeHu,
B I/ICO AEMeX = ABcex HEMOTEHII. CHII, + +
B ICO AEvex = 0, eCIA Agcex HETOTEHII. CHIT — 0

1.5 MEXAHUYECKHUE KOJIEBAHUA U BOJIHb!

1.5.1 l'apmoHnueckue koyieObaHWsS MaTepuaabHON TOYkH. AMIUIMTYAa U (asza
koseOanuii. Kunemarnueckoe onucaHue:
x(t)= Asin(wt +¢,),

- !
v(H)=x/, . N
2 2

a,(t)=(v,), =—0’x(t) =>a, + ®'x =0, rje x — cMelIeHNE U3 TOTOKEHUS
paBHOBECHS.
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Kon
pa3nena

Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
KOHTPOJIH- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
JluHaMuueckoe onucaHue:
2
ma . = —kx , tae k =m’. Dro 3uauur, uro F, =—kx.
DHepreTu4eckoe ONMCaHNE (3aKOH COXPaHEHUSI MEXAaHUYECKON SHEPTUN):
2 2 2 2
mv°  kx* mv kA
+ =—HE = = const
2 2 2 2
Csi3p  aMIUIUTYABl  KOJEOAHWM  CMEIIEHHS MAaTepUagbHOW  TOYKU
C aMIUIMTYJIaMH KoJieOaHHi €€ CKOPOCTH U YCKOPEHUS:
— +
_ _ .2

v,.=0A4, a, =04
1.5.2 . 2n 1

[lepuon u yactora konebanmit: 7' =— =—.

o Vv
Ilepriog manbix CBOOOAHBIX KOJEOAHUN MaTeMaTHYECKOTr0 MasTHHUKA:
[
T=2m |—- + +
g
. m

[Teproa cBoOOAHBIX KOJIEOAHMI MPYKHHHOTO MasiTHUKA: 1 = 2T ;
1.5.3 Boinysknennsie koneOanus. Pesonanc. Pezonanchast kpupas — +
1.5.4 [Tonepeunsie U NpoOOJIbHBIE BOJNHBL. CKOPOCTH PACIIPOCTPAHEHUS U JIJIMHA

1%
BonmHbL: A =VT =—. + +
v

WnTtepdepennus u nudpakius BOJIH

1.5.5 3ByK. CKOpOCTbh 3ByKa + +
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a308vlll YPOBEHb ‘ VenyONEHHDLI YDOBEHD
2 MOJIEKYJIAPHAA @®U3UKA. TEPMO/THHAMHKA
2.1 MOJIEKYJIAPHAA OU3UKA

2.1.1 Mogenu cTpoeHHs Ta3oB, KUAKOCTeM UM TBEpAbIX Ten. Ilycthb

TEPMOJUHAMMYECKAsI CUCTEMA (TEJI0) COCTOUT U3 N OAMHAKOBBIX MOJIEKYJI.

N m
Torna KOJIMYECTBO BENIECTBA V = —— = — + +
N, K

rae N, — uncino ABoragpo, m — mMacca cucteMsl (tena), L — MousipHast Macca

BCHICCTBA
2.1.2 TennoBoe IBMKEHNE aTOMOB M MOJIEKYJI BELIECTBA + +
2.1.3 B3anMoaelicTBue yacTHI] BENIeCTBA + +
2.1.4 Juddy3us. bpoyHOBCKOE TBUKECHHE + +
2.1.5 Mogens HJIEAJIbHOTO rasa B MKT: mosexkynsl ra3a ABUKYTCA XaOTHUYECKH n n

Y HE B3aUMOJICUCTBYIOT APYT C IPYTroM
2.1.6 CBs3p MEXAy [aBICHHEM M CPEIHEW KHHETHYECKOW DSHEpPrueil mocTy-

MATEJBHOTO TEIJIOBOIO JBM)KEHHS MOJIEKYJI HJI€aJbHOTO Tra3a (OCHOBHOE

ypaBHenue MKT):

) (movzj 2 — y n N
p=—mnv =—n- =—n-¢&,. » DA€ Mo —Macca OTHOW MOJIEKYJIB,
3 3 2 3

n= 7 KOHIEHTpAaLUs MOJIEKY
2.1.7 AbGcomotHas Temnepatypa: 7 =¢°+273 K + +
2.1.8 CBs3p TeMIepaTypbl rasa co CpeJHEld KHHETUYECKOW 3HEepruer MocTy-

MATEJIBHOTO TEIJIOBOTO JIBUKEHUS €r0 MOJIEKYJI:

— (myp®) 3 - -

Ever :( 0 J:—kT

2 2

2.1.9 Vpasuenue p =nkT + +
2.1.10 Mojenb u1eaqbHOTO Ta3a B TEPMOIMHAMUKE: + +
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Kon
pa3nena

Kon
KOHTPOJ/IH-
pyemoro
3JIEeMEeHTA

JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI

DenepajibHbIi KOMIIOHEHT IOCYAaPCTBEHHOI0 00Pa30BaTeIbHOT0
CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi

Hanunuune no3unuii ®K I'OC
B I1OOII COO

0a308vlll YPOBEHb

VenyONEHHDLI YDOBEHD

VpaBaenue MenneneeBa — Knanelipona
Bripaxkenue 11t BHyTpeHHEN SHEPTUn

VYpaBuenune MenneneeBa — Knanelipona (mpuMeHHMbIe (POPMBI 3aMUCH):

oV =""RT=vRT = NKkT, p=PRL

Belpaxenue Uil BHYTPEHHEH SHEPIMM OJHOATOMHOIO HJCAJIBHOIO Tasa
(mpuMeHUMBIE POPMBI 3aITHCH):

3 3 3m 3
U=2VRT =2 NkT =2 RT =ve, T =2 pV
) TR 4

2.1.11

3akoH JlanbToHa [UIs AaBICHUS CMECH PA3PEKEHHBIX ra30B:
p=p t+tp,+..

2.1.12

N3omponeccsl B pa3peXeHHOM ra3e ¢ MOCTOSHHBIM YHCIOM MOJICKYl N
(c TOCTOSTHHBIM KOJIMYECTBOM BEIIECTBA V):
usorep™ma (T = const): pV = const ,

pP

uzoxopa (V= const): = const ,

T
_ V
nzobapa (p = const):  — = const

I'paduueckoe npencraBiieHue u3onpoeccoB Ha pV-, pT- u VT- nuarpamMmmax

2.1.13

HaCBIH_[CHHBIG 1 HCHACBIIICHHBIC ITAPbI. KadgecTBeHHAas 3aBUCUMOCTD IIJIIOT-
HOCTU W HOABJICHUS HACBIIICHHOI'O Iapa OT TCMIICPATyphbl, UX HE3aBHUCH-
MOCTB OT 00B€Ma HACBIIICHHOI'O I1apa

2.1.14

BrnaxnocTs BO3myxa.
p napa (T ) _ pnapa (T )

T) T)

OTHocuTeNbHAS BIAKHOCTb: 0=

pHaC])ILLL. Tapa ( pHaC])ILH. mapa (

2.1.15

HN3Mmenenue arperaTHbIX COCTOSIHUM BeIIIECTBA: HCIIAapCHHUEC U KOHACHCAIUA,
KHUIICHUC XUIKOCTH
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hamnuue no3unmii ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
2.1.16 W3meHeHne arperaTHbIX COCTOSIHUM BEIIECTBA: IJIABJIECHUE U KPUCTAJUIU- > n
3auus
2.1.17 [IpeoOpa3oBanue sHEPTUH B (a30BBIX Mepexoaax + +
2.2 TEPMO/IMHAMUKA
221 TenoBoe paBHOBECHE U TeMIepaTypa
222 BHyTpeHHsist sHeprus + +
223 Tennonepenaya kak cnoco0 W3MEHEHHUS BHYTpPEHHEH »DSHepruu 0e3 n .
coBepieHust paboTbl. KOHBEKIHS, TEMIONPOBOAHOCTD, H3ITyYEeHUE
224 KonnuecTBo TemiaoThI.
. + +
V nenpHas TemioéMKocTh Bemecta ¢: O = cmAT
2.2.5 VaenbHas Temiora napoodpasosauust L: O = Lm
VaenbHas Temwiora miasnienus A: Q = Am + +
VY nenpHas TeIUIoTa CropaHus Tommmsa q: O = gm
2.2.6 OnemeHTapHass pabora B TepMoauHamuke: A = pAl) . Bsruucnenue N N
paboTsI 1o rpaduKy mnpoiecca Ha pV-nuarpamMme
2.2.7 IIepBblil 3aKOH TEPMOAMHAMUKH:
O, =AU, +4,, = (Uz -U, )"‘ A
+ +
Annabara:
0,=0= 4,=U-U,=-AU,
2.2.8 Bropoii 3akoH TepmoarHaMuKu Toka. HeoOpaTumbie nmpoueccsl + +
229 [Tpuniuner geiictBus TeraoBbix MamuH. KIT/;:
1= A3aum<n _ QHan _|QX0H| -1- |Qx0n| + +
Q Harp QHan QHan

© 2023 denepanpHas ciyk0a 1Mo HaJa30py B chepe 0OpazoBaHMs U HAYKH




Komudukarop EI'2 2023 r.

®OU3BUKA, 11 xmacec. 18/28

Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JieMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
2.2.10 Maxkcumansnoe 3Hauenue KII. [{ukn Kapuo
T.,,-T T
maxn:nKapﬂozuzl_ﬂ + +
THarp THan
2.2.11 VYpasuenue temnosoro 6ananca: O, + 0, + 0, +...=0 + +
3 JIEKTPO/ITHHAMHUKA
3.1 OJIEKTPUYECKOE IIOJIE
3.1.1 OnexTpuszanus Tea U €€ MposABIEHUSA. DJIEKTpUYecKuil 3apsan. [IBa Bunaa
3apsga. DJIEMEHTAPHBIA JJIEKTPUUYECKUN 3apsll. 3aKOH COXPAHEHHS dJIEK- + +
TPUUECKOTO 3apsijia
3.1.2 B3anmopernictere 3apanoB. Toueunsle 3apsiabl. 3akoH Kyiiona:
B OJIHOPOJHOM BEUIECTBE C AUDIEKTPUUECKON MPOHUIIAEMOCTHIO €
+ +
_allel 1 gl
F=k = —
er 4mee, r
3.13 Onexrpuueckoe nojie. Ero geiicTBue Ha 3JIEKTPUUECKHE 3apsi/ibl + +
3.1.4 ) - F
Hanpsk€HHOCTD 37EKTPUYECKOT0 MOJS: F =
qnp061-u>u71
[lone Toueunoro 3apsana: £, =k % , + +
r
OJIHOpOJIHOE ToJie: E = const.
KapTtuns! nMHMIA HaPsHKEHHOCTH 3TUX TOJIEN
3.1.5 [ToTeHIMaabHOCTh AIEKTPOCTATUIECKOTO TOJIS.
Pa3HoCTh NOTEHIIMAJIOB U HATIPSIKEHHE:
A, =q(9, —9,)=—qAo=4qU . + +
[ToTeHnmanbHast SHEPTHUs 3apsaa B AJIEKTPOCTaTHIECKOM oe: W =qg@.
A=—-AW
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Kon
pa3nena

Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
KOHTPOJIH- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JieMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
TloTeHIma 3IeKTPOCTATUIECKOTO MOJISL: (p = w .
q
CBs13p HaNpsSKEHHOCTH TOJI M Pa3HOCTU MOTEHIUAJIOB ISl OJHOPOAHOTO
anekTpocTtaruyeckoro noist: U = Ed
3.1.6 [IpuHIUT CynepHo3ULIUH SITEKTPUUECKUX MOJIeH:
— - - + +
E=E+E,+..., 0=0¢,+0, +...
3.1.7 IIpoBOAHMKY B 3JEKTPOCTATHUYECKOM IOJIE. Y CIOBHE PABHOBECHS 3aps0B:
BHYTpPH NpoBOAHMKAa F = (0, BHYTpM M Ha IOBEPXHOCTH IPOBOJHHKA - +
¢ = const
3.1.8 JIU3IEKTPUKU B 3JIEKTPOCTATUYECKOM Iojie. JlManekTpuueckass MpOHU- N
1[aEMOCTb BEIIECTBA €
3.1.9 , / q
Kongencarop. DnexkTpoéMKoCTh KOHAEHCaTopa: ( = L .
< + +
DneKTPOEMKOCTH TJIOCKOT0 KOHJIeHcaTopa: C = E€o0 _ eC,
d
3.1.10 [TapannenbHoe coeAMHEHNE KOHAEHCATOPOB:
49=9,+49,+..., Ul :UZ T Cnapann :Cl +C2+"'
- +
[TocnenoBarenpHOE COEIMHEHNE KOHIEHCATOPOB:
B o I 1 1
U N Ul +U2 +..., ql —q2 — ceey C—_F+C_+‘“
OCII 1 2
OHeprus 3apsHKEeHHOro KoHaeHcaropa: W, =4 — = —— = 1 — + +

2 2 2C
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Kon Kon DJIEMEHTBI COJeP/KAHMSA, IPOBEpPsieMble 3aJaHUSIMU YK3aMEeHALMOHHOM PadoThI
pa3jeia | KOHTPOJIM- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hamnuue no3unmii ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JieMeHTa 0a308vlll YPOBEHb ‘ VenyOnéHHbIIL YPOBEHb
3.2 3AKOHDBI IIOCTOAHHOI'O TOKA

3.2.1

Agq

Cuna toka: | =— . TloctostausIit Tok: I = const
At At—0

JI71s1 TOCTOSHHOIO TOKA g = [t

322

YcnoBus cymecTBOBaHUS SIEKTPHUUECKOTO TOKa.
Hanpsxenne U n DJC £

323

3akon Oma Jyis yyacTka nenu: [ = —

324

DIEKTPUYECKOE COMPOTUBJICHUE. 3aBUCUMOCTb COMNPOTUBIEHHUS OJIHO-
POJHOTO MPOBOJIHUKA OT €T0 JUTHHBI U CEUYCHUS. Y IeIbHOE COMPOTHBIICHUE

BELIECTBA. R =pP—

3.25

CTOPOHHUX CHUJT

q

Uctounnku Toka. DJIC mcrounmka Toka: & = . BuyTtpennee

COMPOTHUBJICHNE NCTOYHHUKA TOKA

3.2.6

3akoH Oma a1 TOJHOM (3aMKHYTOW) 3IIEKTpUYECKON
£ E,r
uenu: £ =IR + Ir, otkyna [ = T R
R+r

3.2.7

Hapanneanoe COCAUHCHUEC ITPOBOJHUKOB!

I=h+L+. ,Uu=Up=.,_+ _1 1
R R R,

napau

[TocnenoBarensHOE COENUHEHUE TIPOBOIHUKOB:
U=Ur+Ux+.,i=L=..,R =R +R,+...

TI0CTI
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
3.2.8 Pa6ota snexrpuueckoro Toka: A = 1Ut
3akon J[xoymst — Jlenna: O = [* Rt
U2 + +
Ha pesucrope R:Q=A=1*Rt=1Ut ZTt
3.29 AA
MOIIHOCTB EKTPUYECKOTO TOKA: P = —— =JU.
At At—0
TenioBast MOLTHOCTD, BhIJIEsieMasi HA PE3UCTOPE:
2y U + +
P=I'R=—=1U.
R
MormHoCTE HCTOUHHKA TOKa: P, = — " =&l
At At—0
3.2.10 CBoOO/MHBIE HOCHTENM DJJEKTPUYECKHUX  3apsJ0oB B  MPOBOJHHUKAX.
MexaHu3mMbl TPOBOJAUMOCTH TBEPIBIX METAJUIOB, PaCTBOPOB U PaCILIaBOB — +
NEKTPOJINTOB, ra3zoB. [loaynpoBogHuku. I1oaynpoBOJHUKOBBINA U0
33 MAI'HUTHOE 110JIE
3.3.1 Mexannyeckoe B3aMMOJEHUCTBME MarHuToB. MarHutHOoe moise. Bekrop
MarHuTHOM WHAyKOMH. [IpyHIUMD cynepnosuumy MarHUTHBIX —IIOJIEH:
B= El +f32 +.... JIuHun mHAYKIMU MarHuTHOTrO mojs. Kapruna muHmi + +
WHAYKIUM  MAarHUTHOIO  IOJIA  IOJIOCOBOIO W IOJKOBOOOPa3HOTO
MIOCTOSIHHBIX MarHUTOB
332 OmneiT Opcrena. MarnutHoe mosie npoBoAHMKA ¢ TokoM. KapTuHa nunHuii
WHAYKIUUA MarHUTHOTO IOJI JJUHHOTO TMPSAMOrO IPOBOJHHUKA M 3aMK- + +
HYTOI'0 KOJIbLIEBOI'O TPOBOJAHMKA, KATYIIKU C TOKOM
333 Cuna Amrmepa, e€ HanpaBJE€HUE U BEJIUYUHA:
F, =IBlsin0o, tne o — yron Mexay HAampaBICHUEM IIPOBOJHHKA + +

H BEKTOpOM B
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Kon Kon DJIEMEHTBI COJeP/KAHMSA, IPOBEpPsieMble 3aJaHUSIMU YK3aMEeHALMOHHOM PadoThI
pa3jeia | KOHTPOJIM- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
334 Cuna Jlopenua, €€ HamnpaBjieHWe W BenuduHa: [ Jop = ‘q ‘ VBsina,
I7ie o — yrod My BeKTopaMu U | B. JIBro>keHME 3apsKEHHOM 4acTHUIBI + +
B OJIHOPOJHOM MarHMTHOM I10JI€
34 DJIEKTPOMATHUTHAS MHIVKIUA
3.4.1 [ToTrok BexkTOpa MarHMTHOM HMHIYKLHWH: - / B
®=B,S=BS cosq 4
013 + +
342 SIBJIeHME SIEKTPOMArHUTHOM MHAYKIUH. DJIC MHIYKIHH + +
343 3aKOH JIEKTPOMarHuTHOM nHAyKuu dapanes:
AD
J— —_ !’ + +
Y W
At—0
344 O/1C uHAYKIMH B IPSIMOM MPOBOJHUKE JJTMHON /, ABMKYIIEMCS
CO CKOPOCTBIO D (5 11 ) \1\3 1;7
B OJIHOPOJHOM MarHMTHOM MoJie B: S
[
‘&‘=Blvcosa,rﬂea—yron .
! + +
ME¥Ky BEKTOPOM B ( + _{)
Y HOPMAJIbIO 71 K IJIOCKOCTH, N
B KOTOPOW JIeKaT BEKTOphl [ U D |
ecn | LB udLB,T10 ‘&‘=Blv
345 [IpaBusio Jlenia + +
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Kon Kon JIEMEHTBI COJeP/KAHMSA, POBEpsieMble 3aJaHUSIMU YK3aMEeHAIIMOHHOM PadoThI
pa3aeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hamnuue no3unmii ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMEeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
3.4.6
WuaykTuBHOCTD: L = 7 ,umn @ = L1,
Al + +
Camonnayxuust. DJIC camonnaykuun: &, =—L— =-LI'
! At—0
3.4.7 LI
DHeprust MarHUTHOTO HOJIS KaTyLIKH ¢ Tokom: W, = 7 + +
3.5 OJIEKTPOMAI'HUTHBIE KOJIEBAHUA U BOJIHbI
3.5.1 KonebatenpHbiit KOHTYp. CBOOOIHBIE JIEKTPOMArHUTHBIE
KoJieOaHus B UCATBHOM K0JIeOaTeIbHOM KOHTYpE: c 3L
q(1) = ey Sin (0 + @, )
I(t)=q, =wq,, cos(ot+@,)=1_ cos(or+q,)
+ +
2n 1
®opmyna Tomcona: 7' =2ny/LC, OTKy1a 0= — = ——.
T JLC
CBsi3p aMIUIMTYBI 3apsa KOHAEHCATOpa C aMIUIMTYAOW CHJIBI TOKa MpPH
CBOOOJHBIX AJIEKTPOMArHUTHBIX KOJEOAHUSIX B UEaTbHOM KoJeOaTeTbHOM
KOHTYpE: ¢, ., ="
Q)
3.5.2 3aKOH COXpaHEHUs PHEPTUH B UICATHLHOM KOJIe0aTeIbHOM KOHTYpE:
cu® LI* CU},. LI + +
+ = — "% = % = const
2 2 2
3.53 BrIHyX/IeHHBIE 2JIEKTPOMAarHUTHBIE KosiebaHus. PesonaHc — +
354 [Tepemennsiii Tok. [Ipom3BoacTBO, Tepemadya W MOTPEOSICHUE DIEKTPHU- 3 n

YECKOW DHEPTUH
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Xox JIydeil B mpu3Me.

CooTHOLIEHHE YAacTOT M COOTHOIIEHHE [UIMH BOJH IIPHU IIEpexone
MOHOXPOMAaTHUYECKOTO CBETa 4epe3 IpaHully pasjiena JAByX ONTHUYECKUX
cpen: v, =V,, mA; =n,A,

Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hamnuue no3unmii ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
3.5.5 CBolicTBa 2JICKTPOMarHUTHBIX BOJIH. B3aumMHas opueHTalys BEKTOPOB > .
B DJICKTPOMAarHMTHOW BOJIHE B Bakyyme: E | B 1 &
3.5.6 [IIkana 37€KTpOMarHUTHBIX BOJIH. [IpuMeHeHne 3JIeKTPOMAarHUTHBIX BOJH n .
B TEXHHKE U OBITY
3.6 OIITHKA
3.6.1 [IpsiMonuHENHOE pacIpOCTpaHEHUE CBETA B OJHOPOAHOU cpene. TodueuHblit n i
uctouHuk. JIyd cBera
3.6.2 3aKOHBI OTPaXKEHHUs CBeTa. O =3
o|p + +
S S
3.6.3 [TocTpoenue n3o0paxeHu B MIOCKOM 3epKaje + +
3.6.4 3aKOHBI IPEJIOMIIEHUS CBETA.
Tpenomnenue ceeta: 7, SINOL =7, Sinf3. ,
AOCONIOTHBIN TTOKA3aTeNb MPEJTOMIICHHS: a !
no = c
abc v B n2
OTHOCUTENBHBIN MOKA3aTENb MPETOMICHUS: N .
nOTH = & = ﬂ *
nl UZ
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
3.6.5 [TonHoe BHyTpeHHee oTpaxkeHue. [IpenenbHbIit
yrojl TOJIHOTO  BHYTPEHHETO  OTPAXKCHHUS: ny<n n,
1 n -
. > — +
sinq, ) =——=—*
n n n
1 1
OTH a’r[p
3.6.6 Cobuparomue 1 paccenBaromue JuH3bl. Tonkas nuH3za. @okycHoe paccTos-
. ) 1 + +
HUE U ONTUYECKask CHJIa TOHKOM JIMH3BL: D = —
F
3.6.7 ®opMyia TOHKOM THH3BI: d T
I 1 1 )
— =
d [ F H F
VBenuuenue, JapacMoe JIMH30M:
N\ h
ch I
T H d f + +
B ciyuae paccenBaronieit TuH3bI W
1
D<0=F=—<0
D
b _Lfl,
=—= <
H d
3.6.8 XoJ nyya, IPOLIEALIET0 JMH3Y MO/ MPOU3BOJIBHBIM YIJIOM K €€ IJIaBHOU
ontuyeckoil ocu. IloctpoeHne M300pa’keHUIl TOUKM U OTpe3Ka MpsIMOU — +
B COOMPAIONIMX U PACCEUBAIOIINX JIMH3aX U UX CUCTEMAaxX
3.6.9 doToanmapaT Kak onTHYECKUi mpubop. ['1a3 kak onTuveckas cucrema + +
3.6.10 Wntepdepennys cBera. KorepeHTHbIe MCTOUHUKHU. Y CIIOBHUS HAOIIOJEHUS
MaKCUMYMOB U MUHUMYMOB B UHTep()EPEHIMOHHOW KapTHHE OT JBYX CHH- + +
(a3HBIX KOT€PEHTHBIX UICTOUHUKOB!
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a3086biil yposeHs | y2nyONéHHbIIL YPOBEHD
MaKCHUMYMBbI — A = 2m%, m=0,x1,£2,+3,...,
A
MHUHUMYMBI — A = (Zm + 1)5, m=0,£1,+2,+3, ...
3.6.11 Hudpaxius ceera. udpaxinronHas pemeéTka. Y ciaoBue HaOM01eHUs TaB-
HBIX MaKCHUMYMOB IIPH HOPMaJbHOM MaJICHUH MOHOXPOMAaTHYECKOTO CBETa
C JUIMHOM BOJIHBI A Ha PEIIETKY C IEPUOJIOM d: + +
dsing, =mh, m=0,£1,+2,£3, ..
3.6.12 Hucnepcus cBerta + +
4 OCHOBBI CIIEITHATbHOH TEOPHH OTHOCHTE/IBHOCTH
4.1 WNHBapnaHTHOCTh MOJYJISi CKOPOCTH CBeTa B Bakyywme. [IpuHuum otHocu- N L
TEJILHOCTH DUHIITEIHA
2
4.2 DHeprusi CBOO0IHOM YaCTULIBL: E — me
U2
1=
c
- — +
Wmrtysbe yacTHibl: p = & ey
v
CZ
4.3 CBsi3b MacChl U DHEPTHH CBOOOTHON YACTHUIIBI:
£ = (pe) =(me? ). ] R
OHeprus MoKos CBOOOAHOM YacTulbl: £, = mc 2
5 KBAHTOBAA ®U3UKA
5.1 KOPITYCKYJISIPHO-BOJTHOBOH JIVAJIH3M
5.1.1 I'mnoteza M. Ilnanka o kBantax. ®opmyna [lnanka: E = hv + +
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
he
5.1.2 ®otonsl. JHeprus potona: E=hv=—= pc.
+ +
E hv h
Wmmynsc porona: p = —=—=—
c ¢ A
5.13 Dotordpdext. Onpitel A.I'. CtoneroBa. 3akoHbl hoTodddexTa — +
5.14 VYpaBuenue DitHmreiHa 1151 hoTodPdekra:
E(l)OTOHa = ABI)IXO,Z[& + EKI/IH max >
hc hc
rae E(bOTOHa = hV = T > ABI)IXOIIa = hVKp = }\’ 2 + +
Kp
2
muv
J— max
KUH max - eU3an
5.1.5 BomHoBsie cBoiicTBa yacTull. BosHb! ne bpons.
. < h h
JlmiHa BOJIHEL i Bpoiins aBmKymeiics 4acTumpr: A = — = —. + +
p mv
KopmyckynsipHO-BOITHOBOU Iy aJIu3M
5.1.6 Judpakius IeKTpOHOB Ha KPUCTaIax — +
5.1.7 JlaBnenue cBeta. /laBieHHe cBeTa Ha MOJIHOCTHIO OTPAXKAIOIIYIO MOBEPX- N
HOCTb U Ha MOJHOCTHIO MOTJIOUIAIOIIYI0 TOBEPXHOCTD
5.2 DOU3UKA ATOMA
5.2.1 IInanerapnas Mozenb aroma + +
5.2.2 [octrynarer bopa. M3nyuenue u morjoumieHHe (GOTOHOB MpH IMEpPEXoie
aToMa ¢ OJTHOIO YPOBHS SHEPIUHU HA JAPYTOM:
he + +
hvmn :}\’ :|En_Em
mn
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Kon Kon JIEMEHTBI COJeP/KAHMSA, IPOBEpsieMble 3aJaHUSIMU IK3aMEeHAIIMOHHOM PadoThI
pa3jeia | KOHTPOJIU- degepajbHbIi KOMIIOHEHT FOCYAapCTBEHHOI0 00pa30BaTe/IbHOI0 Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAHIAPTA CpeHero (MoJHOro) o01ero 00pa3oBaHusi B [1IOOII COO
3JIeMeHTa 0a306vlll Ypo8eHb | yenyONEHHbLI YPOBEeHb
5.2.3 JIuHeiyaTbie CIEKTPHI.
CriexTp ypOBHEW SHEPTUU aToOMa BOJIOPO/a: N .
E, = ﬁ n=1,2,3, ..
n
5.2.4 Jlazep — +
53 DOU3UKA ATOMHOI' O A/IPA
5.3.1 Hyxnonnas mozaens siapa I'eizenOepra — MiBanenko. 3apsy sapa. MaccoBoe n n
yucio sapa. M3orornel
532 OHeprus CBA3M HYKIOHOB B sipe. S epHble CUIIBI + +
533 Hedexr macest simpa 5X: Am = Z - m, + (A-Z)-m, - M yoa + +
534 PannoakTuBHOCTD.
Anbda-pacnan: éX—)AZ__42Y+ ;He.
bera-pacna.
y A A 0, + t
Onektponnsli B-pacnan: , X—, Y + _je+V,.
osurponnsiit B-pacman: 5 X— ,AY + e +v,.
["amma-u3nydenue
5.35 _t
3axon paauoaxtueHoro pacnana: N(t)=N,-2 T N N
t
Iycts m — Macca pagHoakTHBHOTO BemecTsa. Torna m(f)=m,-2 T
5.3.6 S nepubie peakiuu. JleneHue u CUHTES 1ep + +
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