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Kopudpuxarop
IIPOBEPSEMBIX TPEOOBAaHUH K pe3yJbTaTaM OCBOCHHS OCHOBHOM
00pa3oBaTeIbHON MPOrPaMMBI CPETHETO O0IIEeTro 00pa3oBaHUs
Y 3JIEMEHTOB COJICP)KaHUs
JUTSL TIPOBEJICHUSI €IHOTO FOCYIapCTBEHHOTO 3K3aMCHA
no ®U3NKE

MIOAITOTOBJICH (heIePaTbHBIM TOCYIAPCTBEHHBIM OFOJKETHBIM
. HaY4YHBIM YUpPEXKICHUEM .
«DPEJNEPAJIBHBIM MHCTUTYT MNEAAT OTMYECKUX U3MEPEHN»
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Koaudukarop
NpoBepsieMbIX TPeOOBaHMIl K pe3y/1bTaTaM 0CBOCHUS OCHOBHOI
o0pa3oBaTeIbHOIl IPOrpaMMbl cpeHero o011ero 00pa3oBaHus M 3JIeMEHTOB
co/iep;KaHus A5 IPOBEJCHHs eIMHOI0 roCyJapCTBEHHOI0 IK3aMeHa
no ®U3NKE

Komndukatop mnposepsieMblx TpeOOBaHMH K pe3yibTaTaM OCBOCHUS
OCHOBHOW 00pa30BaTeIbHOM MPOTpaMMbl CpeJHEro oO0Imero oOpa3oBaHUs
U 3JIEMEHTOB COJCPKAHUS JUIS NIPOBEICHHS SIMHOTO TOCYJapCTBEHHOTO 3K3aMeHa
no ¢muke (mamee — KOAM(DHKATOp) SBISIETCS OTHHM M3 JIOKyMEHTOB,
OTIPENENAIOMUX CTPYKTYPY M COAEp)KaHWE KOHTPOJIBHBIX H3MEPUTEIBHBIX
MmarepuanoB (manee — KHMM). Komudukarop sBiasercs cHCTeMaTH3MPOBAHHBIM
HEepeYHeM TIPOBEpsIeMBIX TpeOOBaHMI K pe3yjabTaTaM OCBOCHHS OCHOBHOH
00pa3oBaTeIbHON MPOrpaMMBbI CpeHEro oomiero o0pa3oBaHUsS W 3IEMEHTOB
coJiep KaHHsl, B KOTOPOM KaXKI0OMY OOBEKTY COOTBETCTBYET OMpPENeIEHHBIA KOI.

Komndukarop mOKa3sIBacT MPEEMCTBEHHOCT MEXIY ITOJNIOKESHHAMH
(enepaIbHOro rocyAapcTBEHHOT0 00pa30BaTEIbHOTO CTAaHAAPTA CPETHETO OOILEro
obpazoBanus (manee — PI'OC COO) (npuka3z MuHHCTEpCTBA 00pa30BaHUs
n Hayku Poccuiickoit ®eneparmun ot 17.05.2012 Ne 413 ¢ wu3MeHeHUsIMH,
BHECEHHBIMM IIpuKazaMM MuHHucTepcTBa 00pa3oBaHuss U Hayku Poccuiickoit
Oenepanuu o1 29.12.2014 Ne 1645, ot 31.12.2015 Ne 1578, o1 29.06.2017 Ne 613,
npukazamMu MunuctepctBa npocsenienus: Poccuiickoit ®eneparnuu ot 24.09.2020
Ne 519, or 11.12.2020 Ne 712) u ¢enepaqbHOTO KOMIIOHEHTa TOCYAAPCTBEHHOTO
00pa30BaTeIbHOTO CTaHJapTa cpeAHero (TMOIHOTo) 001ero oopazoBaHus (IpUKa3
Muno6pazoBanusi Poccuiickoit  ®enepaumu ot 05.03.2004 Ne 1089 «O6
YTBEP)KACHUH (pelepaqbHOr0 KOMIIOHEHTa TOCYNApCTBEHHBIX 00pa30BaTeIbHBIX
CTaHIapTOB HAYaJbHOTO OOIIEro, OCHOBHOTO OONIEr0 M CpeaHero (IOJHOTO)
o01ero o0pazoBaHus» € U3MEHEHUSMH, BHECEHHBIMU NpHUKa3aMu MuHUCTEpCTBa
oOpasoBanuss u Hayku Poccuiickori ®@epeparpu ot 03.06.2008 Ne 164,
or 31.08.2009  Ne 320, o0ot119.10.2009 Ned427, 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) o pusuke.

Komudukarop cocTout u3 AByX pa3aeios:

— pasgen 1. «IlepedeHs mpoBepseMBIX TPeOOBAHUH K pe3ylbTaTaM OCBOCHHS

OCHOBHOH 00pa30BaTeNIbHOW TPOrpaMMbI CPEeIHEro oO0Inero oOpa3oBaHUS

1o Qu3uKe,;

— pasgen 2. «IlepedcHb 3JIEMEHTOB COMACpPIKAHMSA, IPOBEPSEMBIX HA EANHOM

TOCY/IapCTBEHHOM 3K3aMEHE 0 (YH3HKe».

B xomndukatop He BKIIOYEHBI TPeOOBaHMSA K pE3yNbTaTaM OCBOCHHS
OCHOBHOW 00pa30BaTelbHOM MPOTPaMMBI  CpeJHEro oO0Imero oOpa3oBaHUs
W DIEMEHTHl COAEPXKAHHSA, JOCTIKEHHE KOTOPBIX HE MOXET OBITh NPOBEPEHO
B paMKax roCyIapCTBEHHON HTOTOBO aTTECTAIlUH.
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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 00pa30BaTELHOTO
CTaHJapTa cpexHero (mojaHoro) obmiero oOpasoBanus (6a30BbI M MpodMIbHBINA ypoBHHU) Mo (usuke u TpedboBanuiit ®PI'OC COO k pesynbraTam
OCBOEHHSI OCHOBHOM 00pa30BaTeIbHON MPOrpaMMBbI CpeIHET0 00I1ero o0pa3oBaHus, JOCTIKEHNE KOTOPBIX MpoBepsaeTcs B xone EID.

Tabmuua 1

Kon
KOHTPOJIM-
pyeMoro
TpedoBa-
HHA

TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI 00pa3oBaTeIbHOI MPOrpaMMBbl CpeHero oouero oo0pa3oBanus,

npoBepsieMble 32JaHUSIMH IK3aAMEHAIMOHHOM padoThI

DenepajbHbIi KOMIIOHEHT IOCYy1apCTBEHHOI0
00pa30BaTEeJILHOI0 CTAHJAAPTA CPeJHEro 001mero
o0pa3zoBaHus

Proc Coo

0a306vlil 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-
JeHUl o ponu U MecTe (PU3MKHU
B COBPEMEHHOM HAay4HOM KapTUHE
MHpa; TIOHMMaHue (usmdecKon
CyImHOCTH HabmomaemMbix Bo Bce-
JICHHOU SIBJICHUI; IOHUMaHUE POJIU
¢usukn B (opMHpOBaAHUHM KpYyTO-
30pa U (PYHKIHMOHAIBHON TpamoT-
HOCTH 4YE€JOBEKa ISl PELICHUS
MPaKTUYECKUX 3a/1a4;

— BJIAJICHUE OCHOBOIMOJIATalOIUMHU
(bU3MYECKUMU TTOHITUSIMH, 3aKOHO-
MEPHOCTSIMU, 3aKOHAMU U TEOPUS-
MU; YBEPEHHOE MOJIb30BaHue HU3U-
YECKOM TEPMHUHOJIOTHEN W CUMBO-
JINKOU

— c(hOpMUPOBAHHOCTh CHUCTEMBI 3Ha-
HUK 00 oOmmXx (U3MUYECKUX 3aKOHO-
MEpHOCTSIX, 3aKOHAX, TEOPHUSX, Mpe.-
CTaBJIEHUII O IercTBUU BO BceneHHON
(U3HYECKUX  3aKOHOB,  OTKPBITHIX
B 3€MHBIX yCJIOBHSIX;

— 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 TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI1 00pa3oBaTeIbHOI MPOrpaMMBbl CpeHero oo1ero oo0pa3oBanus,
KOHTPOJIH- npoBepsieMble 32JaHUSIMH IK3aAMEHAIMOHHOM padoThl
pyemMoro ®egepanbHbI KOMIIOHEHT IOCY1apCTBEHHOI 0 P1rocC COO
TpedoBa- 00pa3oBaTeIbHOI0 CTAHAAPTA CPeIHero od1ero 0az086biil yposeHs VenyOnéHHblll ypoeeHs
HUS o0pa3oBaHusi
MU; YBEepEHHOE MOJIb30BaHuEe (pU3H- | YBEPEHHOE MOJIb30BaHHE (HU3NIECKON
YeCKOH TePMHHONIOTHEH M CHMBO- | TEDMHHOIOTHEN U CHMBOJIHKOI!
JIMKOM
2.2 OTHCHIBATh U OOBSICHATH PE3yIbTAThl SKCIEPUMEHTOB; | — C(HOPMUPOBAHHOCTH YMEHUS MPHU- | — CHOPMUPOBAHHOCTh YMEHUS MpUMe-
OIIUCHIBATH q)YHI[aMeHTaHLHBIe ONBITHI, OKAa3aBIIIHE MCHATH IIOJTYYCHHBIC 3HAHUA [JIA | HATb NOJYYCHHBIC 3HAHUA [JIA 005-
CYIECTBEHHOE BIMSHHUE HA Pa3BHTHE (QU3NKH OOBSICHEHHUS] YCJIOBUN TPOTEKAHUS | SICHEHHs YCIOBUU TpPOTEKaHUs (GuU3U-
23 - (GU3NYEeCKUX SBICHUH B TPHPOJE | YECKUX SBJICHUH B TPHUPOJIE U JUIS
. PUBOJIUTH TPUMEPHl MPAKTUYECKOTO0 TMPUMEHEHUS .
duAEYeCIKyX ABARNH, SAKOHOR HHAHKH WA NPUHATHA  NPaKTHYECKHMX | NPUHATHA TMPAKTHYECKHX — PpelleHuH
pelIeHNi B TOBCEIHEBHOM JKU3HU | B MOBCEAHEBHOM KU3HU
2.4 OTIpeIeNIATh XapakTep (hU3HUECKOro mporiecca Mo rpa- | — chopMUPOBAHHOCTH COOCTBEHHOMH | — COOPMUPOBAHHOCTh  COOCTBEHHOM
¢uxy, Tabnuie, popmyIie; IPOILYKTHI SACPHBIX PEAKINN | IO3UIMU MO0 OTHOUICHWIO K (DM3H- | TIO3WIUH 10 OTHOUICHHWIO K (u3ndec-
HAa OCHOBE 3aKOHOB COXPAaHEHHS JJIEKTPUYECKOro | YeCKOW MH(pOpMAIUH, MoTydyaeMoil | Kol uHboOpMaluu, MOIy4aeMon U3
3apsja ¥ MaccoBOT'O YHUCIIa 13 pa3HbIX UCTOYHUKOB pPa3HBIX UICTOYHUKOB
2.5.1 OTJINYaTh THUIIOTE3bl OT HAYYHBIX TEOPUM; JENaTh | — BJIaJICHUE OCHOBHBIMU METOJAMM | — BJIaJICHUE YMEHUSIMU BBIIBUTaTh T'M-
BBIBOJII HA OCHOBE OJKCIEPUMEHTAJbHBIX JaHHBIX; | HAYYHOTO IIO3HAHMSI, HCIOJb3ye- | IOTE3bl Ha OCHOBE 3HAHMSI OCHOBO-
OPUBOJUTH TPUMEPHI, MOKA3BIBAIOLINE, UYTO: HAOMIO- | MBIMH B (U3MKe: HaOMIOIEHHUE, | mojaraniux GU3NIECKuX 3aKOHOMEpP-
JNEHUST U OKCHEPUMEHT SIBJISIIOTCS OCHOBOM JJISl | OMMCAHWE, W3MEpPEHHUE, OSKCIEepHU- | HOCTeH M 3aKOHOB, IPOBEPATh MX
BBIIBIDKEHUS THIIOTE3 U TEOPUH, MO3BOJSIOT IPOBEPUTH | MEHT,  yMeHHUsI  0o0pabaThIBaTh | SKCIIEPUMEHTAILHBIMU  CPEJICTBAMH,
UCTHHHOCTh TEOPETUYECKUX BBIBOJIOB; (DU3MYECKas | pe3yJbTaThl HW3MEPEHUH, OOHapy- | GOpMYIHPYS LENb UCCIETOBAHS
Teopusi Ta€T BO3MOXKHOCTH OOBSCHATH W3BECTHBIC | KUBATh 3aBUCUMOCTh MEXIY (U3H-
SIBIICHUSI TIPUPOJBI U HAyYHBIC (DAKTBI, MPEJACKA3BIBATH | YECKUMHU BEIMIMHAMH, OOBSICHAITH
el He U3BECTHBIE SIBJICHUS MOJIyYEHHBIE Pe3yJbTaThl U JI€TaTh
252 IPUBOJUTH IPUMEPHI OIBITOB, MIUTFOCTPUPYIOLIUX, YTO: | BEIBOJBI

HaOJIIOEHUST U D3KCIEPUMEHT CIyXaT OCHOBOH Juis
BBIJIBMKEHUS TUIIOTE3 U IIOCTPOCHMSI HAYYHBIX TEOPUH;
SKCIEPUMEHT  II03BOJIACT  IPOBEPUTb  HMCTUHHOCTH
TEOPETUYECKUX BBIBOJIOB; (u3nueckas Teopust NaéT

! 31ech u manee BKIIOYEH pe3ylbTaT oOydeHns Ha 6a30BOM YPOBHE, Tak Kak M. 9.6 ®I'OC mpenmonaraer, 9To «TpeGOBaHUS K IPEAMETHEIM PE3YILTATAM OCBOECHHS YIIyOIEHHOTO
Kypca (pU3UKH JTOJDKHBI BKIIIOYATh TPEOOBAHHMS K pe3yJIbTaTaM OCBOCHUs 0a30BOI0 Kypca.
© 2023 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 IK3aAMEHAIMOHHOM 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 NPUMEHSTh  TIOJIy4eHHBIC 3HAHUS I PEUIeHUs | — CHOPMUPOBAHHOCTh YMEHHS pe- | — CHOPMHUPOBAHHOCTh YMEHHS peEIIaTh
du3MUeCKUX 33129 math pU3nUecKue 3a1a9u buznueckue 3agaun
3 Hcnonvzoeamsv npuodpeménnvle 3HAHUA U YMEHUS
6 NPAKMUYECKOIl 0eAmenbHOCmU U NOECEOHEGHOIL
HCUZHU:
3.1 Ui obecrieueHus: 0e30MacHOCTH KU3HEICSITEIbHOCTH | — C(POPMUPOBAHHOCTh YMEHUS MPH- | — COOPMUPOBAHHOCTh YMEHHS HCCIIE-

B IIPOIIECCE HCTIOIB30BAHUS TPAHCIIOPTHBIX CPEJICTB,
OBITOBBIX AJIEKTPONPUOOPOB, CPEICTB paaMO- M Teje-
KOMMYHHUKAIIMOHHOW CBSI3U; OIEHKHU BIUSHHS 3arpsi3-
HEHUS OKpYKAIOIIeW Cpelbl Ha OPraHW3M YeJOBEKa
U [pyTHE€ OpraHW3Mbl;  PaIlMOHAIBLHOTO  MPHUPOJIO-
MI0JIb30BAHUS M OXPAHbI OKPYKAKOIIEH CPeJIbI

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 aHAJIM3UPOBATH Pa3HOOOpa3-
HbIe (PM3NYECKHE SBIICHHUS U CBOWCTBA
O00BEKTOB, OOBSICHSATh TPUHIHIIBI pa-
O0OTBI M XapaKTEPUCTUKUA TPUOOPOB
U YCTPOKCTB, OOBSICHATH CBS3b OCHOB-
HBIX KOCMHUYECKHX OOBEKTOB C T'€O-
(bH?)H‘leCKI/IMI/I ABJICHUSIMU
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Kon TpeGoBanus Kk pe3yJbTaTaM 0CBOCHHUSI OCHOBHOI1 00pa3oBaTeIbHOI MPOrpaMMBbl CpeHero oo1ero oo0pa3oBanus,
KOHTPOJIH- npoBepsieMble 32JaHUSIMH IK3aAMEHAIMOHHOM 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 W OLICHH-
B IIPUPOJIHOM cpejie 4yeckoi MH(pOpMAaIMHU, MOJTy4aeMOi | BaTh NOCIEACTBHA OBITOBOI M TpoM3-
U3 Pa3HbIX UCTOYHUKOB BOJICTBEHHOH J€ATEIbHOCTH YEJI0BEKA,
CBSI3aHHOM € (PU3MUECKUMH TpoIec-
caMH, C TIO3WIHH DSKOJIOTHYECKOM
0e30macHOCTH
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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 IPEEMCTBEHHOCTh COAEP)KAHUS pasena
«O0s3aTeNbHBIE MUHUMYM COZIEP)KaHUSI OCHOBHBIX 00pa30BaTENIbHBIX MporpamMm» (erepaibHOro KOMIOHEHTa IoCyAapCTBEHHOT0 00pa30BaTeIbHOTO
CTaHJapTa cpemHero (MoyHOro) obmero obpasoBanusi mo ¢(usuke u [IpuMepHO OCHOBHOW 00pa3oBATENBHON MPOrpaMMBI CPEIHETO OOIIEeTo
oOpa3oBanus (ogoOpeHa pemieHneM (eaepaabHOro y4eOHO-METOAMYECKOTO O0BeAUHEHHUs Mo o0meMy oOpa3oBaHHiO (mpoTokon oT 28.06.2016 r.
Ne 2/16-3)).

Tabmnuia 2
Kon Kon DJIeMeHTBI CoJiep:KaHMs, POBepsieMble 3aJaHUSIMU IK3aMeHALIMOHHOI padoThI
pasiaesia | KOHTPOJIH- denepajbHbIi KOMIIOHEHT FOCYAapPCTBEHHOI0 00pPa30BaTe/IbHOIO Hammuue no3nomii ®K I'OC
pyemoro CTaHIAPTAa cpeHero (MoJHOro) 0o1ero 0opa3oBaHusi B [100I1 COO
3JIeMEeHTa 0a306vlll YPOBEHD ‘ VenyOnéHHbILL YPOBeHb
1 MEXAHHKA
1.1 KMHEMATHKA
1.1.1 Mexannueckoe aBrkeHue. OTHOCUTEILHOCTh MEXAHUUYECKOI'O JIBHIKEHUS. n n
Cucrema orcuéra
1.1.2 MarepuanbHasi TOUKa. Z A TpaeKTOHA
Eé pamnyc-sexrop: 7(¢)=(x(¢) y(¢),z(¢)),
TpaeKTOpHs,
TepeMenieHue: Pl Ar
Ar=r(ty)=r(t)=rn—n= o + +
= (AX ) Ay ’ Az )9 0 7'2 >
yTh. y
CrnoxeHue epeMeIIeHH: 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 no3nnmnii ®K I'OC
pyemoro CTAaHAPTAa cpeHero (MO0JHOro) 001ero oopa3oBaHus B [1OOII COO
3JIeMEHTAa 0a306vlil ypoBeHb | yenyONEHHbIU YPOBEHb
1.1.3 CkopocTh MaTepHUaIbHOU TOUKHU:
AP,
o= = =(v,,0,,0.),
t At—0
Ax
vV =—1 =X, aHanoruuno v =y', V. =z/ . + *
X A t? y t° z t
t At—=0
Crnoxenue ckopocTeid: v, = 0, + U,
Boluncnenne mepeMemieHuss M MyTH  MaTepUalbHOM TOYKU  IPU
NPSIMOJIMHEHHOM JIBUKEHUH BJIOJIb OCHU X 10 TPauKy 3aBUCUMOCTH 0x(?)
1.1.4 AD
v - =
VYckopeHue MaTepranbHON TOUKH: g = —— =V, = (a ,a ,a ),
x27y2 7z
At At—=0 + +
Av
— X — ! — ! — !
a, = v _(Ux)t , AHAJIOTHYHO ay_(vy)t, a.=(v,)/.
At—0
1.1.5 PaBHOMEpHOE IPAMOIIMHENHOE JBUYKEHUE:
x() = x, + 0t - +
V. (t)=,, =const
1.1.6 PaBHOYCKOpEHHOE IIPSIMOJIMHEWHOE JABUKCHUE:!
2
at
J— X
x(t)=x,+0,t+
v()=y, +at
+ +

a, =const

Uzzx R vlzx =2a, (x2 _xl)

Uty
2

HpI/I ABUXXCHUHU B OAHOM HAIIpABJICHUH ITIYTb S =
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Kon Kon DJIeMEeHTHI COJlep:KaHNsl, IPoBepsieMble 3aJaHUSIMH JK3aMEHALMOHHO padoThl
pasnena | KOHTPOJIHU- DenepajbHbIil KOMIIOHEHT FOCYIaPCTBEHHOT0 00Pa30BaTeJIbHOI0 Hannuyue no3unuit ®K 1oC
pyeMoro CTAaHAPTA CpelHero (M0JHOro) 001ero 0opa3oBaHus B [10OII COO
3JIeMeHTa 0a306vblil ypoeHv | yenyOIeéHHbIlL YPOBeHb
1.1.7 CBobOoaHOe najzieHue. Y CKopeHue y R
CBOOOHOTO TIafieHHs. J|BIDKEeHUE - v,
Tena, OPOIIEHHOTO IO YTJIOM o lg
K TOPU30HTY:
Yo g
0O X X
_ _ — +
x(t) =x, + 0, t =x,+V,coso-t
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 JIBrm>KeHrEe MaTepUaibHON TOUYKH IO OKPYKHOCTH.
VrioBass ¥ JuHEHHas CKOpocTh Touku: UV =R . Ilpu paBHOMEpHOM
27
JBIKCHUH TOYKHU IO OKPYXHOCTH () = — = 2TV . LleHTpOocTpemMuTensHoe n i
v,
YCKOPEHHE TOUKM: @, =— =0 R
1.19 TrEpnoe Teno. [locTynaTenbHOE U BpalllaTeIbHOE ABUKEHHE TBEPAOTO TEIA — +
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Kon Kon DJIEeMEHTBI COJIeP/KaAHMs, IPOBepsieMble 3aJaHUSIMH IK3aMEeHALIMOHHOI padoThI
pasnena KOHTPOJIM- DeepajibHbIIl KOMIIOHEHT FOCYIapCTBEHHOT0 00pa30BaTeIbHOI0 Hanuyue mo3unuit ®K I'0OC
pyeMoro CTaHIAPTAa CpeHero (MO0JHOro) 001ero 06pa3oBaHus B [100OI1 COO
3JIeMeHTa 0a306vlil ypogenv | yenyonénnwlil yposeHs
1.2 JIMHAMUKA
1.2.1 Nuepumaneupie cucremsl orcuéra. [lepseiii 3akoH Hprorona. IlpuHinumn n .
OTHOCHUTEJbHOCTH ["anumes
1.2.2 m
Macca tena. [notHOCTS BemiecTBa: p = — + +
4
1.2.3 B — L LI
Cuna. Ipunuun cynepnosuuus cui: Fopo e = Fi+F,+.. + +
1.2.4 Bropoii 3akon HetoTona: muist MarepuanbHoit Touku B MCO
~ - _ = + +
F=ma; Ap = FAr ipu F = const
1.2.5 Tpetuit 3aKOH Hrrorona IS
MaTepHalbHBIX TOYEK: F, = —F,, - ¢ - -
Fiz F. 21 + +
1.2.6 3aKOH BCEMHUPHOIO TSTOTEHHUS: CHIIbl TMPUTSIKEHUS MEXKAY TOYEUHBIMU
m,m
MaccaMu paBHBI F = G ——2 5 N
R
Cuwia Tsoxectu. LleHTp TskecTH Tena. 3aBHCHUMOCTb CHJIBI TSKECTH OT + +
BBICOTHI /1 HaJl TOBEPXHOCTHIO TIAHETHI pagycoM Ro:
GMm
mg=——-
2
(R, +1)
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Kon Kon JIeMEeHTBI COiePKAHMS, IPOBepPsieMble 3aJaHUSIMH IK3aAMEHAIIMOHHOI Pad0ThI
paszaesa | KOHTPOJIH- ®enepanbHbIii KOMIOHEHT IOCYy1apPCTBEHHOT0 00pa30BaTeIbHOIO Hamnuue no3nnmii ®K I'OC
pyemoro CTaHJapPTa cpeaHero (MoJHOro) o0ero oopasoBanusi B I1OOII COO
IJIEMEHTA 0a3086blll YpO8eHb | y2nyONEHHbIL YPOBEHD
1.2.7.1 JIBukeHne HEOECHBIX Tel M HMX HCKYCCTBEHHBIX CIyTHUKOB. llepBas
KOCMHMYECKasi CKOPOCTb:
GM
Vi =+ &Ry =’f R,
1.2.7.2 BTtopas kocMHuueckasi CKOpOCTb:
2GM
v21< = \/Evlk‘ =
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 TIOKOSI: F,, SuN
Koaddunment tpenus
1.2.10 F
JlaBnenue: p=—=
S
1.3 CTATHUKA
1.3.1 MOMEHT CUJIbl OTHOCUTEIIBHO OCH BpAIllCHUS:
|M| = FI, rne [ — mnedo cuibl [ OTHOCHTENBHO o
ocH, poxoJsiel yepes Touky O
MEPHEHIUKYIISIPHO PUCYHKY o
1.3.2 Hentp macc Tena. LleHTp Macc cucTeMbl MaTEPHAIIBHBIX TOYEK:

= N mll’1+mzl"2 +...
ILM.

. B onHopoaom nonte Tkectu (g = const)
m,+my ...

LCHTP MACC TCJId COBIAAACT C €TO LIICHTPOM TAKCCTHU
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JieMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
1.33 ) M +M,+...=0
VYcnosus paBHoBecus TBEépaoro tena B UCO: ¢ — +
F+F,+..=0
1.34 3axoH [lackans + +
1.3.5 Hasnenue B xkuakoctu, nokosmencs 8 UCO: p = p, +pgh + +
1.3.6 3akoH Apxumena: F apx =~ Pasirecn. >
eciu TeNo 1 KUAKOCTh nokostest B UCO, 10 F = pgV een + +
YciioBue M1aBaHus Tel
1.4 34KOHbI COXPAHEHUA B MEXAHUKE
1.4.1 My sibec MaTepuaibHOil TOUKH: P = mb +
1.4.2 Wmnynec cucTeMsl Te: 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 Flovens T F s +--- =0
1.44 Pabota cuibl Ha MajIoOM NEpeMEleHUH: -
A=|F|-|AF|-cos o= F, - Ax F
\(’ + +
AF X
1.4.5 MOMIHOCTD CUJTTBI:
eciu 3a Bpems At paGora cuibl usmMensercsa Ha AA, TO MOIIHOCTD CHJIBI
AA + +

P=—
At

=F-v-cosqa .{V_.
At—0 Ty F
1%
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
2 2
. muv p
1.4.6 Kunernueckas sHeprus MaTtepuanbHoi Touku: F == ——=-—.
2 2m N N
3aKOH U3MEHEHMSI KUHETUYECKON SHEPTUU CUCTEMbl MaTEPUAJIbHBIX TOUYEK:
B ICO AEKI/IH :Al +A2 + ..
1.4.7 [loTeHunanbHas 3HEPIus:
AL HOTCHIMATIBHBIX CHIT A12 = El noteHn E2 notenn _AEHOTCHLI :
[ToTeHumanpHas SHEPTUS MATEPUATIBHON TOYKH B OJJHOPOJHOM IOJIE
TOKECTH: E . = mgh . . N
[MoTennuanpHas SHEPTUs yHIpyTo AeGOopMUPOBAHHOTO TENA:
E HOTeHI 2
1.4.8 3aKOH U3MEHEHUS U COXPAHECHHSI MEXaHUYECKON YHEPIUU:
FErvex = Exun + EHOTeHu,
B I/ICO AEMCX = ABcex HEIIOTEHII. CHJI, + +
B ICO AEvex = 0, €CIH Ascex nenorerm. cun = 0
1.5 MEXAHUYECKUE KOJIEBAHUA 1 BOJIHB!
1.5.1 lapmonnueckue koneOaHus MaTepuaTbHONW TOYKU. AMIIuTyna U (asa
konebanuii. Kunemaruueckoe onucanue:
x(t)= Asin(wt+¢,),
v.(t)=x'
(D=, + +
2 2
a,(t)=(v,), =—0’x(t) = a, + ®’x =0, rje x — cMelIeHNEe U3 TOTOKEHUS
paBHOBECHS.
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Kon
pa3iena

Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
JluHaMH14YeCcKoe ONUCaHUE:
2
ma . = —kx , tae k =m’. Dro 3uauur, uro £, =—kx.
DHepreTudeckoe ONMCaHNe (3aKOH COXPaHEHUsI MEXaHUYECKON SHEPTUN):
2 2 2 2
mv°  kx* mv kA
+ =—H = = const
2 2 2 2
CBs3p  aMIUIMTYJbl KOJeOAaHWM CMeELIeHHs MaTepuajJbHOH  TOYKHU
C aMIUTUTYIaMU KOJIeOaHH €€ CKOPOCTH U yCKOPEHUSI:
- +
_ _ 2
v,.=0A4, a, =04
1.52 . 2t 1
Ilepuon u yactota konebanuii: 7' = — = —
o Vv
Ilepron wmanbix CcBOOOAHBIX KojeOaHMH MaTeMaTHYECKOro MasTHUKA:
[
T=2m |—- + +
g
. m
[Tepron cBOOOIHBIX KOJeOaHUI MPYKUHHOTO MasiTHUKA: T = 27T ;
1.5.3 Brinyxennble konebanus. Pesonanc. PesonancHast kpuBas - +
1.5.4 Ilonepeunsle ¥ NporoJIbHBIE BOIHBI. CKOPOCTh pACIPOCTPAHEHUS U JUIMHA
1%
BonmHbL: A =VT =—. + +
A%
HNutepdepennus u qudpakius BOJIH
1.5.5 3Byk. CKOpOCTBb 3ByKa + +
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a308vlll YPOBEHD ‘ VenyONEHHDLI YDOBEHD
2 MOJIEKYJIAPHAA @U3UKA. TEPMO/THHAMHUKA
2.1 MOJIEKYJIAPHAA OU3UKA
2.1.1 Mogenu cTpoeHus Ta3oB, OKMUAKOCTeM UM TBEpAbIX Ten. Ilycth
TEPMOJMHAMHUYECKAsE CUCTEMA (TeJI0) COCTOUT U3 N OJIMHAKOBBIX MOJIEKYJL.
N m
Torma KOJIMYEeCTBO BENIeCTBA V = —— = — + +
Ny, U
rae N, — uncino ABoraapo, m — Macca cucteMsl (tena), L — MosipHast Macca
BCIICCTBA
2.1.2 TennoBoe IBMKEHNE aTOMOB M MOJIEKYJI BELIECTBA + +
2.1.3 B3anMoaelicTBue yacTHI] BENIeCcTBa + +
2.1.4 Juddys3us. BpoyHOBCKOE TBUKCHHE + +
2.1.5 Monens I/meaanoro raza B MKT: mosiekynbl raza IBHKYTCS XaOTHYECKHU n n
Y HE B3aUMOJICUCTBYIOT JAPYT C APYTOM
2.1.6 CBsi3b MeXAy [aBIICHHEM M CpPEIHEW KHHETUYECKOW SHEpPrueil mnocTy-
MaTeIbHOTO TETUIOBOTO JABMKEHHUS MOJICKYJl HICATIbHOTO Ta3a (OCHOBHOE
ypaBaenue MKT):
1 = 2 (mosz 2 — y n N
p=—-mnv =—n- 5 = = n- &, » TIE M0 — Macca OJHON MOJIEKYJIB,
n= 7 KOHIICHTpAUS MOJIEKYJI
2.1.7 AbcomotHas Temneparypa: 7 =¢°+273 K + +
2.1.8 Ces3p TemmepaTypbl rasa co CpeJHell KHHETHYEeCKOW JHeprueu mocTy-
MaTeIbHOTO TEIUIOBOTO JIBMKEHUSI €70 MOJICKYJT:
— (mp*) 3 * -
T :( . J:—kT
2 2
2.1.9 Vpasuenue p =nkT + +
2.1.10 Mopenb uieanbHOTO ra3a B TEPMOJIUHAMUKE: + +
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Kon
pa3iena

Kon
KOHTPOJIN-
pyemMoro
JJIeMEeHTA

DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI

denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO
CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus

Haanuue nozuunii ®K I'OC
B I1IOOII COO

0a3086vlll YPOBEHD

VenyONEHHDLI YDOBEHD

VYpaBaenue Menneneena — Knanelipona
BripaxkeHue 11 BHyTPEHHEN SHEPTrUn

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

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

Belpaxkenue [uisi BHYTPEHHEH SHEPIMM OJHOATOMHOIO HJCAJIBHOIO Tas3a
(mpuMeHuMBIE (HOPMBI 3aITUCH):

3 3 3m 3
U=2VRT =2 NkT =2 RT =ve, T =2 pV
2 TR 2 TVt ERP

2.1.11

3akoH JlanbToHa I AaBICHUS CMECH PA3PEKEHHBIX ra30B:
p=p tp,+...

2.1.12

N3omponeccel B pa3peXeHHOM Ta3e ¢ MOCTOSHHBIM YHUCIOM MOJIEKyl1 N
(C MOCTOSIHHBIM KOJIMYECTBOM BEIIECTBA V):
usorep™ma (7' = const): pV = const ,

nuzoxopa (V' = const): = const ,

uzobapa (p = const): = const

N <N

['padmueckoe npencraBiieHue u3onporeccoB Ha pV-, pT- u VT- nuarpamMmmax

2.1.13

HaCBIIJ_[eHHBIe 1 HCHACBIIICHHBIC T1aphbl. KadecTBeHHAas 3aBUCUMOCTD IIJIOT-
HOCTU W OABJICHUS HACBIIICHHOI'O Iapa OT TCEMIICPATypbl, UX HE3aBHUCH-
MOCTB OT 00BéMa HACBIOICHHOTI'O I1apa

2.1.14

BrnaxnocTs BO3myxa.
pnapa (T) — pnapa (T)
T) T)

OTHOCHUTENbHAS BIAXKHOCTD: O=

pHaCbIIL[. Tmapa ( pHaCbII]_[. mapa (

2.1.15

HN3menenue arperaTHbIX COCTOSIHUI BCIICCTBA: UCITAPCHUC U KOHJACHCAIIUA,
KHUIICHUC XUIKOCTH
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pa3aejia | KOHTPOJIU- DeepajbHbIil KOMIIOHEHT FOCYyIapPCTBEHHOT0 00Pa30BaTEIbLHOI0 Hanuyue nmosunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
2.1.16 N3meneHne arperaTHBIX COCTOSTHUI BeIeCTBA: IUIABICHUE U KPUCTAILIH- ot .
3auus
2.1.17 [IpeoOpazoBanue FHEPTUH B (ha30BBIX Mepexoaax + +
2.2 TEPMO/HMHAMHUKA
2.2.1 TennoBoe paBHOBECHE U TeMIepaTypa
222 BryTtpeHHss dHeprus +
223 Tennonepenaya kak cHoco0 W3MEHEHHUS BHYTpPEHHEH »dSHepruu 0e3 N n
coBepieHust paboTbl. KOHBEKIHS, TETIONPOBOAHOCTD, H3Iy4YEeHUE
224 KomnunuecTBo TEmiaoTHI.
. + +
VY nenbHas TeIIoéMKOCTh BemecTsa ¢: O = cmAT
2.2.5 VaenbHas Temiora napoodpasosanust L: O = Lm
VaenbHas Temwiora miasienus A: Q = Am + +
VnenbHas TeIIIoTa cropanus Tommsa q: O = gm
2.2.6 OnemeHTapHass pabora B TepMmoauHamuke: A = pA) . Bsruncnenue N N
paboTsI 1o rpaduKy mpoiiecca Ha pV-nuarpamMme
2.2.7 [IepBblii 3aKOH TEPMOAMHAMUKH:
O, =AU, + 4y, = (U, ~U, )+ 4,
+ +
Annabara:
0,=0= 4,=U-U,=-AU,,
2.2.8 Bropoii 3akoH TepMoanHaMuKHU Toka. HeoOpaTumbie mpouecchl + +
229 [Ipunuune! aevictBus Termnosbix MamuH. KIT/:
_ A3aum<n _ QHan _|QX0H| =1— |Qx0n| + +
Q Harp Q Harp QHan
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmosunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
2.2.10 MakcumansHoe 3Hauenue KI1/I. [ukn Kapuo
T.,-T T
Max M = Mgy = = - ’ "
THan THan
2.2.11 VYpasuenue temnosoro 6ananca: O, +Q, + 0y +...=0 + +
3 JIEKTPO/THHAMHKA
3.1 IJIEKTPUYECKOE 1IOJIE
3.1.1 OnexTpuszanus Tea U €€ MposABIEHUs. DJIEKTpUuecKuil 3apsan. [IBa Bunpa
3apsga. DIEMEHTAPHBIA JIEKTPUUYECKUN 3apsll. 3aKOH COXPAHEHMS dJIEK- + +
TPUUECKOTO 3apsijia
3.1.2 Bzaumopeiictue 3apsanoB. Toueunsie 3apsabl. 3akoH Kynona:
B OJIHOPOJHOM BEUIECTBE C JUAJIEKTPUUECKON MPOHUIIAEMOCTHIO €
+ +
S 2 I W AR
F=k = =
er 4mee, r
3.13 Onexrpuueckoe nojie. Ero geiicTBue Ha 3J1EKTPUUECKHE 3apsiibl + +
3.1.4 ) - F
Hanpsk€HHOCTD 37€KTPUYECKOT0 MOMs: F =
QHp06HI>Il71
[Tone Toueunoro 3apsina: E =k % , + +
r
OIHOpOJHOE noJie: E = const.
KapTtuns! 1MHMI HapsHKEHHOCTH ATUX TTOJIEN
3.1.5 [ToTeHIMaabHOCTh AEKTPOCTATUHIECKOTO TOJIS.
Pa3HoCTh NOTEHIIMAIOB U HATIPSIKEHUE:
45, =q(@, — 0,)=-gAo=qU . + +
[NoTennuanpHas SHEPrUs 3apsja B MEKTpocTaTHIeckoM none: W = q@.
A=—-AW
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Kon
pa3iena

Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmosunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
TloTeHIman 3IeKTPOCTATUIECKOTO MOJISL: (p = 4 .
q
CBs13p HaNPSKEHHOCTHU TOJIE M Pa3HOCTU MOTEHIUAJIOB ISl OJHOPOAHOTO
aneKTpoctaruueckoro nojst: U = Ed
3.1.6 [TpuHIMI Cyneprno3uuH SJIEKTPUUECKUX MMOCH:
- - - + +
E=E+E,+..., 0=0,+0¢,+...
3.1.7 [IpoBOAHMKHU B AJIEKTPOCTATUYECKOM IOJIE. Y CIOBUE PABHOBECHS 3aPSIOB:
BHyTpU mpoBogHuKka F = (0, BHYTpM M Ha TOBEPXHOCTH NPOBOJHUKA - +
¢ = const
3.1.8 JIMDIEeKTpUKK B 3JIEKTPOCTATHYECKOM Tmose. JludnekTpuyeckas MpOHU- N
LIaEMOCTb BEIIECTBA €
3.1.9 , / q
Konnencarop. DnekTpoéMKOCTh KOHACHCaTOpa: C = 21 .
S + +
DneKTPOEMKOCTh TIOCKOT0 KOHJIEHCaTopa: C = E€o0 _ eC,
d
3.1.10 [TapamiensHOE COeTMHEHNE KOHIEHCATOPOB:
q=q,+q+...., Uy =U,=..., Crppy =C +C, + .
- +
[TocnenoBarenbHOE COEIMHEHUE KOHIEHCATOPOB:
B o I 1 1
U N U] +U2 +..., ql —q2 — ey C——F+C_+...
IOCJI 1 2
3.1.11 qU CU?* ¢?
OHeprust 3apsHKCHHOTO KOHACHeaTopa: W, = +— = —— + +

2 2 2C
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmosunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JieMeHTa 0a3086vlll YPOBEHD ‘ VenyOnéHHbIL YPOBeHb
3.2 3AKOHDBI IIOCTOAHHOI'O TOKA

3.2.1

Aq

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

JIJ1s1 TOCTOSIHHOTO TOKA g = [t

322

VY ClloBHs CyIIECTBOBAHUS 3JIEKTPUUECKOTO TOKA.
Hanpsokenne U n DJIC £

323

3akoH Oma aJig yyacTka uenu: [ = —

324

DNEeKTPUYECKOE COMPOTUBJICHUE. 3aBUCUMOCTb COMPOTUBIEHUS OJIHO-
POIIHOTO MPOBOAHMKA OT €T0 JUIMHBI U CEUEHUs. Y AeNbHOE COMPOTUBICHUE

BEIIECTBA. R =p—

3.2.5

CTOPOHHUX CHUJT

q

Ucrounuku Toka. DJIC McTOuHMKa Toka: & = . BayTtpennee

COIIPOTUBJICHHUEC UCTOYHHKA TOKA

3.2.6

3akoH Owma Juisi MONHOW (3aMKHYTOM) 3JIEKTPUUYECKOM
£ E,r
nemu: £ = IR+ Ir, otkyna [ = = R
R+r

3.2.7

HapaJ'IJ'ICJ'II)HOG COCANMHCHHUEC ITPOBOJHUKOB!

I=L+DL+. ., U=U:=.., 1 :i+i+_”
R R, R,

Hapat

[TocnenoBateabHOE COCTUHEHHUE TIPOBOTHIUKOB:
U=Ur+U:+.,I=L=.,R =R +R,+...

TI0CTI
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmosunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | YenyONEHHbLI YPOBEHb
3.2.8 PaGota snexrpudeckoro Toka: 4 = [Ut
3akoHn J[xoymst — Jlenna: O = [* Rt
2 + +
Ha pesucrope R:Q=A=1*Rt=1Ut ZTt
3.29 AA
MOUIIHOCTD JEKTPUYECKOTO TOKA: P = —— =JU.
At At—0
TennoBast MOLTHOCTB, BbIJIE/IA€MAs HA PE3UCTOPE:
U2
P=IR=—=]U. * *
R
MormHoCTE HCTOUHHKA TOKa: P = — =¢&1
At At—=0
3.2.10 CBoOO/MHBIE HOCHTENM  3JCKTPUUYECKHUX  3apsJ0oB B  IPOBOJHHUKAX.
MexaHu3Mbl IPOBOAMMOCTH TBEPABIX METAJIOB, PACTBOPOB M PacIljaBOB - +
JJIEKTPOJIUTOB, Ta30B. [lonynposoauuky. [101yIpoBOAHUKOBBII THOL
33 MAI'HUTHOE 110JIE
3.3.1 Mexanndeckoe B3aMMOJEHUCTBME MarHuToB. MarHutHOoe moise. Bekrop
MAarHUTHOM WHAYKUMH. [IpUHIMO Cynepno3uiiM MarHUTHBIX IOJICH:
B= El +E’2 +.... JIuHuM MHAYKUMU MarHuTHOTrO mojs. Kapruna muHmi + +
WHAYKOMA ~ MarHWTHOTO TIOJSL  TOJIOCOBOTO M IMOJKOBOOOPa3HOTO
MIOCTOSIHHBIX MarHUTOB
332 OmneiT Opcrena. MarnutHoe nosie mpoBoAHMKA ¢ TokoM. KapTuna nunuii
UHAYKUMUA MarHUTHOTO IOJI JJMHHOTO TMPSAMOro IPOBOJHUKA M 3aMK- + +
HYTOT'O KOJIbLIEBOI'O TPOBOJAHMKA, KATYIIKU C TOKOM
3.33 Cuna Amnepa, €€ HallpaBJICHNUE U BEJIMYUHA:
F, =IBlsin0o, tne o — yron Mexuy HAmpaBICHUEM IIPOBOJHHKA + +

U BEKTOpOM B

© 2023 denepanpHas ciyk0a 1Mo HaA30py B chepe 0OpazoBaHMs U HAYKH




Komudukarop EI'2 2023 r.

OU3UKA, 11 xmacec. 22/28

Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
3.3.4 Cuna JlopeHua, e HampaBieHue W BenwuuHa: [ Top = ‘q ‘ VBsinao,
IJie o — yrod My BeKTopaMu U | B. JIBro>KeHue 3apsHKEHHOM YacTHUIbI + +
B OJHOPOJHOM MarHUTHOM TI0JIE
34 DJIEKTPOMATHUTHAS MHVKI[UA
34.1 [IoTox BekTOpa MarHUTHOW WHIYKIIMH: - / B
®=B,S=BScosa 74
GS + +
342 SIBJIeHME SIEKTPOMArHUTHOM MHAYKIUH. DJC MHIYKIHN + +
343 3aKOH AJEKTPOMArHUTHON MHAY KU Papajes:
-G . .
At—0
344 OJIC uHIyKIMU B MPSIMOM TTPOBOJHUKE ,Z[J'II/IHOI71 [, nBIOKyIeMcs
CO CKOPOCTBIO U (17 J_Z
B OJJHOPOJAHOM MAarHUTHOM THoJIe B: \d
‘5 ‘ = Blvcosa, rae a — yron .
I + +
MEKIy BEKTOPOM B _{)
Y HOPMAJIbIO 71 K IJTIOCKOCTH, N
B KOTOPOH JIEXAT BEKTOPHI [ub ;
ecmu | LB udLB,T0 ‘6;‘=BIU
345 [IpaBusio Jlenia + +
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
3.4.6
WuaykTuBHOCTD: L = 7 , i @ = L1,
Al + +
Camonnayxuust. OJIC camonnaykuuu: &, =—L— =-LI'
! At—0
3.4.7 LI
DHeprust MarHUTHOTO HOJIS KaTyLIKH ¢ TokoM: W, = T + +
3.5 OJIEKTPOMAI'HUTHBIE KOJIEBAHUA U BOJIHbI
3.5.1 Koneb6arenbHblit KOHTYp. CBOOOIHbIE 3J€KTPOMAarHUTHBIE
KoJieOaHus B UICATHHOM K0JIe0aTeTbHOM KOHTYpE: c 3L
q(1) =g sin (Xt + ;)
I(t)=q, =wq,, cos(ot+@,)=1_ cos(or+q,)
+ +
2n 1
@®opmyna Tomcona: 7' =2ny/LC, OTKyJa = — = ——.
T JLC
CBs3b aMIUIMTY/bl 3apsfa KOHIEHCATOpa C aMIUIMTYJIOW CHIJIBI TOKa IpHU
CBOOOJHBIX AJIEKTPOMArHUTHBIX KOJIEOAHUSIX B HICATLHOM KOJeOaTeTbHOM
KOHTYypE: ¢, . ="
Q)
3.5.2 3aKOH COXpaHEeHHUsI PHEPTUHU B HICATLHOM KOJICOATEIbHOM KOHTYpE:
2 2 2 2
cU +LI _CU,w _ L _ const + +
2 2 2
3.53 BrIHyX/IeHHBIE 2JIEKTPOMAarHUTHBIE KosiebaHus. Pesonanc — +
354 [lepemennniit Tok. IIpousBoacTBO, mepefadya W MOTPEOJIEHUE AIIEKTPH- B n

YECKOUW YHEPTUH
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XoJ ny4deil B Ipu3Me.

COOTHOIIIGHHE YacTOT U COOTHOIIICHUE JJIMH BOJIH IMpU TCPEXOJC
MOHOXPOMAaTHYECKOI0 CBETa 4Yepe3 TpaHMIly pasfesia JIByX ONTHYECKUX
cpen: v, =V,, mA; =n,\,

Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
3.5.5 CBolicTBa 3JIEKTPOMAarHUTHBIX BOJH. B3aumHas opHeHTanus BEKTOPOB P .
B 3JICKTPOMArHUTHO# BOJIHE B Bakyyme: E L B 1 ¢
3.5.6 [IIkana 37€KTPOMarHUTHBIX BOJIH. IIprMeHeHue 31eKTpOMarHuTHBIX BOJIH N n
B TEXHUKE U OBITY
3.6 OlITHUKA
3.6.1 [IpssMOnMHENHOE PACIIPOCTPAHEHUE CBETA B OJHOPOAHOU cpele. TodeuHbli n n
nuctouHuk. JIyd cBera
3.6.2 3aKOHbI OTPaXKEHHUs CBeTa. O =3
v B + +
S S
3.6.3 [TocTpoenue n3o0paxeHu B MIIOCKOM 3epKaje + +
3.6.4 3aKOHbI IPEJIOMJIIEHUS CBETA.
Ipenomsenne ceeta: 1, Sin oL = n, sinf3. ,
AOGCONIOTHBIN NOKA3aTeNb NPETOMIICHHS: o !
B c
abc v B n2
OTHOCHTENBHBIN NIOKA3aTENb IPETOMIICHUS: n .
nOTH = & = ﬂ *
nl U2
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
3.6.5 [TonHoe BHyTpeHHEE oTpaxeHue. [IpenenpHplii
yrojl TOJHOTO  BHYTPEHHETO  OTPAXKCHHS: ny<n n,
1 n -
. > - +
sinq, ) =——=—*
n n n
1 1
OTH a’r[p
3.6.6 Cobuparomue u paccenBaromue JuH3bl. Tonkas nuH3za. okycHoe paccTos-
. ) 1 + +
HUE ¥ ONTUYECKAs CUJIa TOHKOM JINH3BL: D = —
F
3.6.7 dopMyia TOHKOM JMH3BI: d T
I 1 1 A
—_—t—=—
d f F H F
VBenuuenue, JaBacMoe JIMH30M:
N,
r=h _l/]
“H d J + +
B cnyuae paccenBaroniei JMH3bI v
1
D<0=F=—<0
D
o LS
=—= <
H d
3.6.8 Xon nyd4a, IpoOIIEAUIEr0 JUH3Y MOJ IPOU3BOJIBHBIM YIVIOM K €€ INIaBHOU
ontuyeckoil ocu. IloctpoeHne M300pa’keHUN TOYKM U OTpE3Ka MpsIMOU - +
B COOMPAIOIINX U PACCEUBAIOIINX JIMH3aX U UX CUCTEMAax
3.6.9 doToanmapaT Kak onTHYECKUH mpudop. ['11a3 kak ontuveckas cucrema + +
3.6.10 Wntepdepennus cBera. KorepeHTHbIe MCTOUHUKHU. Y CIIOBUS HAOMIOJCHUS
MaKCUMYMOB U MUHUMYMOB B HHTep()EPEHIIMOHHONW KapTUHE OT BYX CHH- + +
(a3HBIX KOT€PEHTHBIX UICTOUHUKOB!
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmozunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JieMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
MaKCHUMYMBbI — A = 2m%, m=0,x1,£2,+3,...,
A
MHUHUMYMBI — A = (2m + 1)5, m=0,£1,+2,+3, ...
3.6.11 Hudpaxius ceera. udpaxiuonHas pemeéTka. Y ciaoBue HaOM0AeHUS T1aB-
HBIX MaKCUMYMOB IIPY HOPMaJbHOM IaJCHUH MOHOXPOMAaTHYECKOTO CBETA
C JUTMHOM BOJIHBI A Ha PEIIETKY C IEPUOJIOM d: + +
dsing, =mh, m=0,£1,+2,£3, ..
3.6.12 Jucnepcus cBeta + +
4 OCHOBBLI CIIELTHAJIBHOH TEOPHH OTHOCHTE/IBHOCTH
4.1 WMHBapnaHTHOCTH MOJIYJISI CKOPOCTH CBe€Ta B Bakyywme. IIpuHumn ornocu- n L
TEJILHOCTH DUHIITEITHA
2
4.2 DHeprusi CBOOOAHOMN YacTHIB: | = _ ¢
U2
1=
c
3 — +
Wmimysbe yacThbl: p = L ey
v
CZ
4.3 CBs3b MacChl ¥ SHEPTHH CBOOOIHOM YaCTHUIIBI:
E? = (pe) = (me?). : .
OHeprus MoKos CBOOOAHOM YacTulbl: £, = mc 2
5 KBAHTOBAA ®U3HKA
5.1 KOPITYCKYJIAPHO-BOJIHOBOU JIYAJTU3M
5.1.1 I'mnoteza M. Ilnanka 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 nmosunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
hc
5.1.2 ®otonbl. DHeprus GotoHa: £ = hv = -~ = pc.
+ +
E hv h
Wmmynsc porona: p = —=—=—
c ¢ A
5.13 Dotorddext. Onpitel A.I'. CtoneroBa. 3akoHbl hoTodddexra — +
5.14 VYpaBHenue DiiHiTeitHa 11 GoTorPdexTa:
E ¢dorona = ABbeo,ua + E KAH max >
he hc
rae EcbOTOHa = hV = T > ABI)IXOIIa = hvxp = }\’ ? + +
Kp
2
muv
— max
KUH max - eUzaH
5.1.5 BomnHoBeie cBoiicTBa yactull. BosHb! ne bpons.
. S h h
JlmiHa BOJIHEL ie Bpoiins ABmKyIeics 4acTumpl: A = — = —. + +
p mv
KopmyckynspHO-BOITHOBOW yaJIu3M
5.1.6 Judpakiys 37eKTPOHOB Ha KpUCTaIax - +
5.1.7 JlaBnenue ceera. JlaBieHUE CBETa Ha IIOJHOCTBIO OTPAXKAIOLIYIO IOBEPX- N
HOCTb U Ha MOJHOCTHIO MOTJIOUIAIOIIYI0 TOBEPXHOCTh
5.2 DOU3UKA ATOMA
5.2.1 IInanerapnas Mmozxeb aroma + +
5.2.2 [Toctynater bopa. M3nyuenue u moriomieHue (GOTOHOB MPHU TEPEXOJe
aToMa C OJJHOTO YPOBHSI SHEPTUU HA JPYTOM:
he + +
hvmn = 7\._ = |En _Em|
mn
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Kon Kon DJIEeMEHTBI COJeP/KAHMSA, POBepsieMble 3aJaHUSIMU IK3aMeHAIIMOHHOM padoThI
pasneia | KOHTPOJIM- denepajbHbIi KOMIIOHEHT IOCYJ1aPCTBEHHOI0 00Pa30BaTeJIbHOIO Hanuyue nmosunuiit ®K I'OC
pyeMoro CTAaHIAPTA CpeaHero (MoJHOro) o01ero oopa3oBaHus B [10OI1 COO
3JIeMeHTa 0a306vlll ypO8eHb | yenyONEHHbLI YPOBEHb
523 JIuneiyaThie CIIEKTPBI.
CrniekTp ypoBHEH 3HEpruu aToMa BoA0poja: . .
E, = @ n=1,2,3, ..
n
524 Jlazep — +
53 OU3UKA ATOMHOI O A/IPA
5.3.1 Hyxnonnas monens siapa ['eitzenOepra — MiBanenko. 3apsn siapa. MaccoBoe + +
yucio sapa. M3oronsl
532 OHeprus cBA3M HYKIOHOB B sipe. S epHble CUIIbI + +
5.33 Hedexr maccet spa 5X: Am=Z-m, +(A=Z)-m, —m,, + +
534 PannoakTuBHOCT®D.
Aunba-pacrna: [;X%AZ__A‘ZY + ;He.
bera-pacna.
y A A 0, + +
Onektponnsli B-pacnan: , X—, Y + _je+V,.
osurponnsiit B-pacman: 5 X — ,AY + Ve +v,.
I'amma-n3iydeHue
535 _t
3aKOH paJMOaKTHBHOIO pacmana: N (t) =N,-2 r N N
t
Iycts m — Macca pagHoakTHBHOTO BemecTsa. Torna m(f)=m,-2 T
5.3.6 S nepubie peakiuu. JleneHue u CUHTES 11ep + +
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