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Jluer akTyanuzauun paboyeii nporpamMmel

PaGouas mporpamma nepecMoTpeHa, obcysxaeHa 1 ogobpena uist peanusauuu B 2021 - 2022 yuebHom romy Ha
3aceianuny kapenpbl Pusvku

[Tportokon ot 15. 10. AT Ne 2
3aB. kadpeapoi —— ———M:b. Apkynuc

o

L

Pabouas nporpamma repecMoTpeHa, o0cysxkaeHa u ogobpeHa as peanusauun B 2022 - 2023 yyeOGHoM roay Ha
3acenannn kapeapbl PU3MKH

[Tporokon oT 20 r. Ne
3aB. kadeapoi M.B. Apkynuc

Pa6ouas nmporpamma rnepecMoTpeHa, o0cyxaeHa u ogobpena s peanusaunn B 2023 - 2024 yueGHOM roay Ha
3acenaHuu kapeapbl PU3MKU

[IpoTokon or 20 r. Ne
3aB. kadeapoii M.B. Apkyinuc

Pa6ouas nporpamma rnepecMoTpeHa, oocysxaeHa u onobpeHa s peannsauun B 2024 - 2025 yueGHoM rofy Ha
3acenaHuu kadeapsl PU3MKH

[TpoTokosn oT 20 1 N -
3aB. kadenpoi M.B. Apkynuc

Pa6ouas nporpamma rnepecmMoTpeHa, oocysxkaeHa 1 onodpena i peanusaumu B 2025 - 2026 yue6Hom romy Ha
3acenanuu kadenpbr PuzHkU

[TpoTokon oT 20 r. Ne
3aB. kadeapoi M.B. Apkyauc




1 Iles1u ocBOEHUS TN CHMILTUHBI (MOYJ151)

Lenbto ocBoeHuss aucuuiuiuHel «®Dusuka» SABIsETCS OBJaJCHUE CTYIEHTaMH
HEOOXOJUMBIM M JIOCTATOYHBIM YPOBHEM OOIIETPO(ECCHOHATBHBIX KOMIIETEHIIUH, CBSI3aHHBIX
CO CIIOCOOHOCTBIO aHANN3a U MOJICTMPOBAHUS, a TAK)KE TEOPETHUECKOTO U AKCIIEPUMEHTaIBLHOTO
uccieoBaHusl (PU3MUECKUX MTPOLIECCOB U SBIICHUH.

2 MecTo THCHHMIIMHBI (MOYJISAA) B CTPYKTYpPe 00pa30BaTe/IbHOI MporpaMMal

Jucuunnuaa dusnka BXOAUT B 0053aTeNbYI0 YacTh y4eOHOro IUIaHa o0pa3oBaTeIbHOM
POTPaMMBI.

Jis  u3ydeHus  JAMCUMIUIMHBI  HEOOXOAMMBI  3HAHUS  (YyMEHHMs,  BJaJCHUSA),
c(OpMHUPOBAHHBIC B PE3Y/IbTATE U3YUCHHSI JUCIUTUTUH/ IPAKTUK:

mKoAbHBIN Kype ¢usuku (11 kmacc) u mKkombHBIM Kypce Mmarematuku (11 kimacc,
PO MILHBINA YPOBEHb).

3Hanus (yMEHUs, BIaJleHUs1), MOJTYYCHHbIE IPU U3yYEHUU JAaHHOW AUCLUILIMHBI OyIyT
HEOOXOAUMBI JUISl U3yUSHHS TUCIUTLTIH/TIPAKTHK:

TeopeTnyeckas MexaHUKa

TeopeTnueckre OCHOBBI TEKTPOTEXHUKHI

[Ipuknannas MexaHuka

DneKTpUUecKrue U3MEpeHus

DNEeKTPUUECKHUE MAILIUHBI

DNeKTpOIHEPreTHKa

be3onacHOCTh KU3HENEATEIBHOCTH

MartepuanoBeeHUE U TEXHOJIOTUSI KOHCTPYKIIMOHHBIX MaTEPHUAJIOB

BBenenue B HanpaBiieHue

BBenenue B crienuaibHOCTD

OOw1ast sHEpreTHKa

OCHOBBI ~ TEXHMUYECKOW OKCIUTyaTallUd H  OOCITY)XHBaHHE DJEKTPUYECKOTO U
3JIEKTPOMEXAHUUECKOT0 000PYI0BaHUS

DNeKTpUYeCcKuil MPUBOA

Teopust aBBTOMaTHYECKOTO yIIPaBICHUS

DNEKTPUUECKUE U DIIEKTPOHHBIE alllapaThl

3 Komnerenuun ody4aromierocs, (popMupyemMbie B pe3y/ibTaTe 0CBOCHUS

AUCHUILIMHBI (MOAYJIS1) U IJIAHUPYeMble Pe3yJIbTAThl 00yueHust

B pesynpraTe OCBOEHMSI JUCHMIUIMHBI (MOayis) «Du3uka» o0ydaromuiicss TOJKeH
001aaTh CIeAyIOIUMU KOMIETEHIMSAMMU:

KO,[[ HHJUKATOpa I/IH,Z[I/IKaTOp JOCTHIXKXCHHA KOMIICTCHIIMH

OIIK-3 CnocoGeH NmpUMEHSTh COOTBETCTBYIOIIMNA (PU3UKO-MAaTEeMaTHUYECKU armapaT, METO/IbI
aHaiM3a W MOJICNIMPOBAHMS, TEOPETUYECKOTO M DKCIEPUMEHTAIBHOTO WCCIIEAOBAHUS IIPH
peneHnH npodecCHOHAIBHBIX 33124

OIIK-3.1 Hcnonp3yer MeTonpl aHanmM3a W MOJACIUPOBAaHUS IpU  PELICHUU
npodeccnoHabHBIX  3a7ja4,  MOJCIUPOBAHMM U IPOEKTUPOBAHUU
9HEPrOCUCTEM

OIIK-3.2 CriocobeH NpPUMEHSTh  COOTBETCTBYIOLIMHM  (pH3MKO-MaTeMaTHUYECKHit
ammapar NpH TEOPETHYECKOM M DKCIIEPUMEHTAIHHOM WCCIICAOBAaHUH B
PELICHUH 33/1a4 Y)HEProcOepeKeHUs




4. CTpyKTypa, 00bEM U coep:KkaHue TUCHUIIMHBI (MOAYJIsA)
OO0mmas TpyJA0eMKOCTh JUCIUIUIMHBI cocTaBisieT 11 3adyeTHnix eqununl 396 akaa. 4acoB, B TOM

YUCJIC:

— KOHTaKTHas pabota — 224,2 akaj. 4acoB:
— aynutopHas — 216 akaj. 9acos;

— BHEayIuTOpHas — 8,2 akaJl. 4acoB;

— camocrositenbHas padbora — 100,4 akan. 4acos;

— B hopMe npakTuyeckoit moaroroBku — 0 akaj. yac;

— MOJrOTOBKA K K3ameny — /1,4 akan. yac

(DOpMa aTTeCcTaluu - 3K3aMCH

AynutopHast g
o | xonraktHas pabora E 3 dopma TEKyIIEero
=
I B aKaJl. 4acax s 5 Bun KOHTPOJIS
Pasnen/ Tema g ( : = S | camocrosTensHol Kox
= ) YCIICBAaCMOCTH U
JIUCIUILIAHEI 3 [ 6 . | KoMIeTeHIuN
@) 146 npart g é padoThI MIPOMEKYTOUHOMN
Tlek. : 128 aTTecTaluu
3aH. 3aH. | O &
1. Mexanuka
Pemenue
oMamHux 3a7a4; | Coaua ToMaIIHux
L1 Kitnemaruica g HO,I[FOTOBKaﬂK , 3aj1ad;
MOCTYIATEIHbHOTO u > OIIK-3.1
Y 2 4/11 | 3,8 | xommoxkBuymam; KOJIJIOKBUYMBI; '
BpaIaTeIbHOTO OIIK-3.2
J—— MMOJITOTOBKA K KOHTPOJIbHAS
KOHTPOJILHOM pabora
pabote
IToaroroBka k
n1abopaTopHBIM 3amura
aboTtaM; peneHue| 1adOpaTOPHBIX
12 Husamira IleMaLHH’I/II:( 3amay; pa6cI>)T' cfl)aqa
MOCTYIATEIbHOTO u ’ i OIIK-3.1
Bpa >;iTCJII>HOFO 2 4/11 4/11 | 3,8 MTOJITOTOBKA K JIOMAIITHUX 3a/1a4; OINK-3 2’
I; I/lﬁCHI/Iﬂ KOJUIOKBUYMaM; KOJUIOKBUYMBI; ’
A MMOJTOTOBKA K KOHTPOJIbHAS
KOHTPOJILHOM pabora
pabote
1
Pemenue
noMamHux 3aga4d; | Coada ToManIHux
MMOJTOTOBKA K 3a/1a4;
1.3 Pabora. Mommocts. 2 2/11 | 3,8 KOJ‘IJ}'TOKBI/I MaMm; KOJ‘IJIOI};BI/I, BI; OIIK-3.1,
OHeprus ' yMan; YMPL OIIK-3.2
MMOJTOTOBKA K KOHTPOJIbHAS
KOHTPOJIBHOM pabota
pabote
TToaroroBka k
na0opaTopHBIM 3amura
paboram; pemenue| J1abOpPaTOPHBIX
JIOMAIIHUX 33124, pabor; craua OMK-3.1
1.4 3akoHBI COXpaHEHUS 2 4/11 2/11 3,8 MOATOTOBKA K JIOMAIIIHUX 3a]1a4; OIK 3' 2’
KOJJIOKBHYMaM; KOJIJIOKBUYMBI, '
MMOATOTOBKA K KOHTPOJIbHAS
KOHTPOJIBHOM pabota
pabote




IloaroroBka k
1a60PaTOPHBIM
paboTaM; perieHue
JIOMAIITHUX 32124,

3amura
nabopaTopHBIX
pabort; cnaya

1.5 Konebanus 1 BOIHBI 2 4/11 2/11 3,8 IMOJArOTOBKA K JIOMAIITHUX 3a/1a4; %{%ﬁ% 12’
KOJUTOKBHYMaM; KOJUIOKBUYMBI;
IMOATOTOBKA K KOHTPOJIbHAS
KOHTPOJIBHON pabota
pabote
Pemrenne
nomamHux 3a1a4; | Crava qoManiHumx

1.6 OCHOBEI MMOJTOTOBKA K 3a/1ad4;

. OIIK-3.1,
PEISITUBUCTCKO 2 2/11 | 3,8 | xosmokBHyMam; KOJUIOKBUYMBI; OIK-3.2
MEXaHHKH ITOATOTOBKA K KOHTPOJIbHAS

KOHTPOJIbHOM paboTa
pabote
Wroro no pazaery 12 12/31 | 16/6U | 22,8
2. MonekynsipHas (usuka u
TEPMOJIMHAMHUKA
TToaroroBka k
11ab0paTOPHBIM 3amura
pabotam; perieHne| J1abOpaTOPHBIX
2.1 OCHOBBI MKT. JIOMAIITHUX 3a/1a4; pabort; caaya
OIIK-3.1,
IIepBoe Ha4vaJo 2 4/11 4/11 3,8 MOJIFOTOBKA K JIOMAIIIHUX 3a]1a4; OIK-3.2
TEPMOIUHAMUKHU KOJIJIOKBHYMaM; KOJIJIOKBUYMBI,
ITOATOTOBKA K KOHTPOJIbHAS
KOHTPOJIbHOM pabota
pabote
IToaroroBka k
n1abopaTopHBIM 3amura
paboram; pemieHre| J1aOOPATOPHBIX
2.2 OcHoBg! 2 4/121 | 2/11 | 3,8 ﬂoroa;i::;?;ﬂiq’ nof;?lcl);;diitﬁm' OIIK-3.1,
CTaTUCTHYECKOHN Ppu3HuKu ’ ' ) > OIlK-3.2
KOJ'IJ'IOKBI/IyMaM, KOJ'IJ'IOKBI/IyMl)I,
ITOATOTOBKA K KOHTPOJIbHAS
KOHTPOJILHOM pabora
pabote
TToaroroBka k
KOJIJIOKBHYMaM; KonnokBuymsr,
OIIK-3.1,
2.3 SIBneHus nepeHoca 2 3,8 MOJIFOTOBKA K KOHTPOJIbHAS OIK-3.2
KOHTPOJIbHOU paboTta ’
pabote
Pemenue
momamHux 3aga4; | Crava qoMamiHux
2.4  Bropoe  Hagamo MOArOTOBKA K . Janat, . OIIK-3.1,
TePMOIHAMUKH 2 4/1,61 | 2/11 | 3,8 | komnokBuymawm; KOJUTOKBUYMBI; OITK-3.2
IIOATrOTOBKA K KOHTpO.]'[I)HaH
KOHTPOJIHOM pabota

pabote




ITogroroBka k

1a60PaTOPHBIM 3amuTa
pabotam; perieHre| J1a0OpaTOPHBIX
JIOMAIIHUX 3a/1a4; paboT; caada OIK-3.1
2.5 PeanbHbIe Ta3b1 2 2/11 3,8 IMOJArOTOBKA K JIOMAIITHUX 3a/1a4; OHK-3. 2’
KOJUTOKBHYMaM; KOJUIOKBUYMBI;
MMOJTOTOBKA K KOHTPOJIbHAS
KOHTPOJIBHON pabota
pabote
TToaroroBka k
2.6 Kpucrammmueckoe u KOJLTOKBHYMAaM; Kosnoxsuymsi; OIIK-3.1,
JKIIKOE COCTOSHIS 2 3,8 [MOJrOTOBKA If KOHTPOJIbHAS OTIK-3.2
KOHTPOJIBHON pabota
pabote
Wroro no pazaery 12 | 12/3,81 | 10/41 | 22,8
3. DIEeKTPUYECTBO
MarHeTu3M
TToaroroBka k
11a00paTOPHBIM 3amura
pabotam; perieHne| J1abOpaTOPHBIX
JIOMAIITHUX 3a/1a4; pabort; caaya OTIK-3.1
3.1 DnekTpocraruka 2 4/1,61 |2/0,51| 3,8 MOJTOTOBKA K JOMAIIHHUX 3a/a4; OHK-3..2,
KOJIJIOKBHYMaM; KOJIJIOKBUYMBI,
IIOArOTOBKA K KOHTPOJIbHAS
KOHTPOJIBHOM pabora
pabote
IToaroroBka k
n1abopaTopHBIM 3amura
pabotawm; pemieHue| J1aOOPATOPHBIX
32 TMocTos b JIOMAIITHUX 3a/1a4; paboT; cnaua OIK-3.1,
. 2 4/1,61 | 2/1U 3,8 MOJIrOTOBKA K JIOMAIITHUX 3a/1a4;
NIEKTPUYECKUH TOK . . OIIK-3.2
KOJ'IJ'IOKBI/IyMaM, KOJ'IJ'IOKBI/IyMbI,
MMOJITOTOBKA K KOHTPOJIbHAS
KOHTPOJILHOM pabora
pabote
IToaroroBka k
11a00paTOPHBIM 3armura
paboram; pemieHue| J1abOPaTOPHBIX
JIOMAITHUX 3a/1a4; pabort; caaya OIK-3.1
3.3 Maruurocraruka 2 2/0,51 | 3,8 MOATOTOBKA K JIOMAIIIHUX 3a]1a4; OHK-3. 2’
KOJIJIOKBHYMaM; KOJIJIOKBUYMBI,
IIOATrOTOBKA K KOHTpO.]'[])HaH
KOHTPOJIHOM pabota
pabote
TToaroroBka k
na0opaTopHBIM 3amura
paboram; pemenue| J1abOpPaTOPHBIX
34 Tepemenmbiii JIOMAIIHUX 33124, pabor; craua OIK-3.1,
N 2 4/121 | 2/14 3,8 MOJIrOTOBKA K JIOMAIlIHUX 3a]1a4;
SIEKTPUIECKUI TOK OIIK-3.2

KOJUIOKBUYMaM;
HOATOTOBKA K
KOHTPOJIbHOM

pabote

KOJUIOKBUYMBI;
KOHTPOJIbHAS
pabota




ITogroroBka k

KOJUIOKBUYMaM;
HOATOTOBKA K
KOHTPOJIbHOM

pabore

KOJUIOKBUYMBI;
KOHTPOJIbHAS
pabota

1a60PaTOPHBIM 3amuTa
pabotam; perieHre| J1a0OpaTOPHBIX
35 SBnenue JIOMAIIHUX 3a/1a4; paboT; caada OIK-3.1
3JIEKTPOMArHUTHON 2 2/11 3,8 IMOJArOTOBKA K JIOMAIITHUX 3a/1a4; OHK-3. 2’
UHIYKIHA KOJUTOKBHYMaM; KOJUIOKBUYMBI;
MMOJTOTOBKA K KOHTPOJIbHAS
KOHTPOJIBHON pabota
pabote
TToaroroBka k
s vy | po | o | Koo | oncs 1
Makxkcseina ! N P OIIK-3.2
KOHTPOJIBHON pabota
pabote
Wroro no pasneny 12 | 12/441 | 10/41 | 22,6
Hroro 3a cemectp 36 [36/11,211|36/1411| 68,2 9K3aMeH
4, Orrruka
TToaroroBka k
41 Bsexenme. OGmue KOJIJIOKBUYMaM; KonnokBruymsr;, OIK-3.1,
1 2,3 MOATOTOBKA K KOHTPOJIbHAS
MOHSITHS U ONIpEAETICHUS N OIIK-3.2
KOHTPOJIBHOM pabora
pabote
ITogroroBska k
n1a0opaTopHBIM 3ammra
paboTtam; perieHre| J1a0OpaTOPHBIX
JIOMAIITHUX 3a/a4; pabort; cnaya OMNK-3.1
4.2 Nnrepdepenims 2 4/11 4/11 2,3 IMOJrOTOBKA K JIOMAIITHUX 3a/1a4; OHK-B. 2’
KOJUIOKBUYMaM; KOJUTOKBUYMBI;
MMOJITOTOBKA K KOHTPOJIbHAS
KOHTPOJILHOM pabora
pabote
IToaroroBka k
J1a00paTOPHBIM 3armura
paboram; pemeHue| J1abOPaTOPHBIX
JIOMAIITHUX 3a/1a4; pabort; caaya OTK-3.1
4.3 Mudpakuus 2 4/11 4/11 2,3 MOATrOTOBKA K JIOMAIIIHUX 3a]1a4; OHK-3. 2’
KOJIJIOKBHYMaM; KOJIJIOKBUYMBI,
MOArOTOBKA K KOHTPOJTbHAS
KOHTPOJIBHOM pabora
pabote
TToaroroBka k
na0opaTopHBIM 3amura
paboram; pemenue| J1abOpPaTOPHBIX
JIOMAIIHUX 33124, pabor; craua OMK-3.1
4.4 Tonspu3aryst 2 4/121 | 2/14 2,3 MOJIrOTOBKA K JIOMAIlIHUX 3a]1a4; Ol'IK-3. 2’




ITogroroBka k

1a60PaTOPHBIM 3amuTa
pabotam; perieHre| J1a0OpaTOPHBIX
JIOMAIITHUX 32124, paboT; caada OIK-3.1
4.5 TemnoBoe U3IydeHUEe 2 4/21 411 | 2,3 MOATOTOBKA K | TOMAIIHMX 3a7ad; OHK-3. 2’
KOJUTOKBHYMaM; KOJUIOKBUYMBI;
MOATOTOBKA K KOHTPOJIbHAS
KOHTPOJIBHON pabota
pabore
IToxroroBka k
1a60PaTOPHBIM 3amuTa
paboTtam; perieHre| J1a00OpaTOPHBIX
JIOMAIITHUX 33124, paboT; caada OIK-3.1
4.6 KBaHToBas OITHKA 3 4/21 4/11 2,3 MOJITOTOBKA K JOMAIIHUX 3a/1a4; OHK-3. 2’
KOJUTOKBHYMAaM; KOJUIOKBUYMBI;
MOJTOTOBKA K KOHTPOJIbHAS
KOHTPOJIbHOM pabora
pabote
Hroro no pazaeny 12 |20/7,21 | 18/51 | 13,8
5. ®usuka atoma
ITogroroBska k
11a00paTopHBIM 3ammra
paboTam; perieHre| J1a00OpaTOPHBIX
Teopus bopa ' . > OIIK-3.2
KOJUIOKBUYMaM; KOJUIOKBUYMBI;
MOATOTOBKA K KOHTPOJIbHAS
KOHTPOJIbHOM pabota
pabote
IloaroroBka k
71ab0paTOPHBIM 3amuTa
paboram; pemeHue| J1abOPaTOPHBIX
MEXaHHUKH ' ’ OIIK-3.2
KOJUTOKBHYMaM; KOJUIOKBUYMBI;
MOJATOTOBKA K KOHTPOJIbHAS
KOHTPOJIBHON paboTa
pabote
ITogroroBka k
n1a00paTopHBIM 3amura
paboTam; pemienre| 1abOpPaTOPHBIX
5.3 Cocrossane artoma JIOMAIITHUX 3a/1a4; paboT; cnaua OIK-3.1
BOJOpOJa B KBaHTOBOM 4 2/11 2,3 MOATOTOBKA K JIOMAaIIHUX 3a]1a4; Ol'IK-3. 2’
MEXaHHUKE KOJUIOKBUYMaM; KOJUIOKBUYMBI;
MOATOTOBKA K KOHTPOJIbHAS
KOHTPOJILHOM pabora
pabore
Hroro no pazaeny 12 821 8/41 | 6,9

DJICMCHTAPHBIX YaCTHI]

6. dusnka aTOMHOTO sApa H




Pemrenue
JIOMAIIHUX 33]1a4;

Craaya JoMalIHux

6.1 Crpoenue u pasmep MOJITOTOBKA K 3ajay;

OIIK-3.1,
aTOMHOTO sizIpa. SnepHbie 2 2/11 | 2,3 | xomnokBuymawm; KOJIJIOKBUYMBI, OINK-3.2
CHUIIBI IIOIFOTOBKA K KOHTPOJIbHAS '

KOHTPOJIBHOM pabota
pabore
Pemenue
nomamHux 3a1a4; | Crava qoManiHux
6.2 Monenu spa. MOJITOTOBKA K 3ajady;

OIIK-3.1,
OHeprust cBa3u. YenbHas 3 2/11 | 2,3 | KOJIOKBHyMaM; KOJIJIOKBUYMBI; OITK-3.2
SHEPrus CBA3U MMOJTOTOBKA K KOHTPOJIbHAS '

KOHTPOJIBHON pabora
pabote
Pemenue
nmoMamnHux 3aga4; | Coada JoMaIiHuX
MTOJITOTOBKA K 3a/1a4;
OIIK-3.1,
6.3 PanroakTHBHOCTH 3 821 2/11 2,3 KOJJIOKBUYMaM; KOJUJIOKBUYMBI; OITK-3.2
MTOJTOTOBKA K KOHTPOJIbHAS '
KOHTPOJIbHOM pabora
pabote
Pemenue
nmoMarnHux 3aga4; | Coada JoMaIiHuX
MTOJTOTOBKA K 3a/1a4;
OIIK-3.1,
6.4 SlnepHble peakuuu 2 2/11 2,3 KOJJIOKBUYMaM; KOJUIOKBUYMBI; OITK-3.2
MTOJTOTOBKA K KOHTPOJIbHAS '
KOHTPOJIbHOM pabora
pabote
IToaroroBka k
6.5 DneMeHTapHbIe
KOJJIOKBUYMaM; Konnoksuymsr;
YaCTHLIBI. OIIK-3.1,
2 2/11 2,3 IMOJArOTOBKA K KOHTPOJIbHAS
dyHIaMeHTAIbHBIC N OIIK-3.2
" KOHTPOJIbHOM pabota
B3aUMOICHCTBUSA
pabote
Hroro no pazaeny 12 821 | 10/51 | 11,5
Hroro 3a cemectp 36 [36/11,21]36/141| 32,2 9K3aMeH
Hroro no aucruminae 72 12122,4 72/2811100,4 JK3aMeH

u




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

[Ipu peanuzanuu pa3IMYHBIX BHUIOB Yy4eOHOH paboThl HambOosee d(PQeKTUBHBIC
pe3yibTaThl OCBOCHUS IUCHUIUIMHBI «®Du3uka» [alT TpaaulMOHHBIE 00pa30BaTEIbHBIC
TEXHOJIOTUM,  TEXHOJIOTMU  MPOOJEMHOro  OOYy4YeHMs, HMHTEPAKTUBHBIE  TEXHOJIOTUH,
UH(POPMALMOHHO-KOMMYHUKAIIMOHHBIE 00pa30BaTEIbHbBIC TEXHOJIOTHH.

1. ®opMbl yueOHBIX 3aHATUHN C UCTIOIB30BAaHUEM TPATUIIUOHHBIX TEXHOJIOTUH:

WudopmanvonHas  JIeKIMsS—  MOCIEIOBATEIbHOE  W3JOXKEHHE  Marepuana B
TUCIUIUIMHAPHON JIOTHKE, OCYIIECTBIISIEMOE MPEUMYIIECTBEHHO BepOalbHBIMU CpEICTBAMU
(MOHOJIOT TpernoaaBaTes).

[IpakTiueckoe 3aHsTHE, MOCBSIIEHHOE OCBOSHUIO KOHKPETHBIX YMEHUU M HABBIKOB I10
NPEIOKEHHOMY allTOPUTMY.

JlaGoparopHasi paboTa — opranuzanus yueOHol paboThl C peaibHBIMU MaTEPUATLHBIMU U
UH(POPMALIMOHHBIMA OOBEKTaMM, AKCIEPUMEHTAJIbHAs pPadoTa C aHAJIOTOBBIMH MOJEISIMU
pealbHbIX 0OBEKTOB.

2. ®opMbl YI€OHBIX 3aHATUN C HCIIOJIB30BAaHUEM TEXHOJIOTHH TPOOIEMHOTO O0yUCHHS:

[IpoGnemHas nekmust — UW3IOXKEHUWE MaTepHuaia, IMpeAnoyaraionee MOCTaHOBKY
NpoOJEeMHBIX M JUCKYCCHOHHBIX BOIIPOCOB, OCBEIICHHE PpA3IMYHBIX HAyYHBIX I1OJXOJIOB,
ABTOPCKHE KOMMEHTApUH, CBSI3aHHBIE C PA3IMYHBIMU MOJEISMHU HHTEPHPETAIUU H3y4aeMOTo
MarepHaa.

[IpakTuueckoe 3aHaTHe B ¢GopMe NPAKTHKyMa — OpraHu3anus y4deOHOl paboThl,
HalpaBJ€HHAsT Ha pelIeHHUE KOMIUIEKCHOMW y4eOHO-TI0O3HABATENbHOM 3a/ayu, TpeOylomen oT
CTyJI€HTa IPUMEHEHHUS KaK HAyYHO-TEOPETUUECKUX 3HAHUM, TaK U MPAKTUIECKHX HABBIKOB.

3. ®opMbl y4eOHBIX 3aHATHH C UCTIOIB30BAHUEM CIICUATU3NPOBAHHBIX HHTEPAKTHBHBIX
TEXHOJIOTUM:

Jlekumst «oOpaTHOM CBS3M» — JEKIHMSI—IPOBOKANMS (M3JI0KEHHE MaTepHaja ¢ 3apaHee
3aMJIaHUPOBAHHBIMU OIIMOKaMH), JIEKIUA-0ecea, JTeKIU-TUCKYCCHSL.

4. ®opMbl YIeOHBIX 3aHITHN C HCIIOJIb30BaHHEM HH(POPMAIMOHHO-KOMMYHUKAITMOHHBIX
TEXHOJIOTHIA:

Jlekuus-Bu3yanu3anusi — U3JI0XKEHUE COAEP)KaHUS CONPOBOXKAAETCS Ipe3eHTaLueH
(memMoHCTparmel y4eOHBIX MaTepHAIIOB, TPEJICTABICHHBIX B PAa3IMYHBIX 3HAKOBBIX CUCTEMaXx, B
T.4. WUTIOCTPATUBHBIX, IPahUUEeCcKUX, ayH0- U BUIEOMATEPHAIIOB).

[IpakTnyeckoe 3aHsATHE B (OpME TMPE3CHTAMM — TIPEJICTABICHUE pPE3yIhTaTOB
IPOEKTHON MJIM HCCIIE0BATEIbCKON AEATENbHOCTH C UCIOJIb30BaHUEM CHEMaTIM3MPOBAHHBIX
IPOTPAMMHBIX CPE/I.

6 YueOHO-MeTOAMYeCcKOe o0ecriedeHUe CAMOCTOSITeJIbHOI PadoThl 00y4aKoIMXCs
[Ipencrasneno B mpunoxxenuu 1.

7 OuneHoYHbIe cpeICTBA A5 POBeAeHUsI IPOMEKYTOYHOH aTTecTaluu
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE 0O0ecnedeHrue TUCIUIIHHBI (MOTYJIs1)

a) OcHoBHas TUTEpaTYypa:

1. Jemuauenko, B.M. ®usuka [Dnexkrponnsiii pecypce] : yueonuk / B.U. [lemumuenko,
N.B. lemunuenko. — 6-e u3z., nepepad. u gon. — M.: UHOPA-M, 2016. — 581 c. — Pexxum
no-cryna: http://znanium.com/bookread2.php?book=469821 — ISBN:978-5-16-010079-1.

2. Ky3neno, C.M. ®usmka: Mexanuka. MexaHHUYecKHe KOJI€OaHHWS W BOJHEIL
Moseky-nsapaas pusuka. TepmoauHamuka [ DIeKTpOHHBIH pecype] : Yuebnoe mocodue / C.U.
Ky3Henos. - 4-e u3z., ucnp. u gomn. - M.: By3osckuii yue6uuk: HUL] UH®PA-M, 2014. - 248 c. —
Pexxum nocryna: http://znanium.com/bookread2.php?book=412940 — ISBN



978-5-16-101026-6

3. Kyznernos, C.1. ®u3uka: OCHOBBI MIEKTPOIUHAMUKHI. DICKTPOMArHUTHBIE KOJICOAHUS
U BOJIHBI [ DnieKTpoHHBIH pecypc] : Yueonoe nmocobue / C.1. Ky3Henos. - 4-e usj., ucrp. 1 JIOIl. -
M.: Bysosckuit yueOonuk: HUI[ HNH®DPA-M, 2015. - 231 c¢. — Pexum pgocryna:
http://znanium.com/bookread2.php?book=424601 — ISBN 978-5-16-101657-2

4. Kysneno, C.M. ®usuka. BonHoBas ontmka. KBaHTOBas mnpupoga H3ITyYCHHS.
DJIeMeH-Thl aTOMHOM U siiepHOi Gu3uku [DnekTponHsiii pecypce] @ Yued. noc. / C.U. Ky3ueros,
AM. Jlunep - 3-e uza., nepepad. u nom. - M.: Bysos. yue6.: HUL MHDPA-M, 2015 - 212 c. —
Pexxum nocryma: http://znanium.com/bookread2.php?book=438135 — ISBN 978-5-16-100426-5

5. Poraues H. M. Kypc ¢usuku [Tekcr] : yueonoe nocobue / H. M. Poraues. - CII6. u ap.
: Jlanb, 2008. - 447 c. : wn., rpad., cxembl, Tabn. - (YueOuuku ans By3oB : CrenuanbHas
JTUTEPA-Typa).

0) JlomostHMTEIbHAS JIATEPATYpa:

1. Uponos, U.E. 3amgauu no odmieit pusuke [Tekcer] : yued. mocodue / N.E. Upomos. —
12-e uzn., crep. — CIIO6.: Jlanp, 2007. — 416 c.: wn. — (YueOuuku st By3oB. CrienuanbHas
nuteparypa). — ISBN 978-5-8114-0319-6.

2. Yepros, A.I'. Bagaunuk no ¢usuke [Tekcr] : yue6. mocobue / A.I'. Uepros, A.A.
Bopo6reB. — 8-¢ m3a., mepepad. u gom. — M. @ ®@usmariur, 2008. — 640 c.: un. — ISBN
9875-94052-145-2.

3. Pemenue 3amau mo kypcy obuei pusuku [Tekct]: yue6. mocobue / [H.M Poraues,
I'.10. bamannuna, W.I1. 3aBepmmHckuii u np.]; nox pexn. H.M. PoraueBa. — 2-e u3z., ucnp. —
CII6.: Jlans, 2008. — 304 c.: uin. — (YueOHuku aiis By30B. CrierialibHas JIMTEpaTypa)

4. CpaBo4HUK 110 pusuke. Dopmyiibl, TadHIIbL, cxeMbl. [ Tekct] : nep. ¢ Hem. / o pe.
X. llrekepa, nox pexn. K. B. Cmupnosa. - M. : TEXHOC®EPA, 2009. - 1262 c. : un., rpad., Tabdm.

B) MeToauyeckue ykazaHus:

1. Mexanuka. MonekynspHast ¢usuka u TepmoanHamuka [Tekcr] : maGopaTOpHBIi
npaktikyM o ¢usuke / E.H. Acranos [u ap.]; nox pen. FO.I1. Koukuna. — MarauTtoropck:
N3n-Bo MaruuToropck. roc. Texs. yH-ta um. I'.1. Hocosa, 2011. — 103 c.

2. Dnextpocratuka. [loctostaubiil Tok [Tekct] : JlabopaTopHblii mpakTHKyM 10 (usnke /
M.B. Beuepkun [u ap.]. — Marautoropck: M3n-Bo Marauroropck. roc. TexH. yH-ta uM. [.1.
Hocosa, 2011. - 60 c.

3. OnexkrpomarnerusM. Ontuka [TekcT] : 1abopaTopHBI MPAKTUKYM MO JUCLUIUIMHE
«Du3uKay A CTYyICHTOB Beex crenuanbuocteit / M.B. Apkynuc [u ap.]. — Marautoropek: [OY
BITIO «MI'TVY», 2009. — 102 c.

4. CaBuenko, lO.U. IlepemeHHbIi TOK [DNEeKTpOHHBIH pecypc] : J1aboOpaTOpHBIN
npaktukyM / FO.U. CaBuenko, O.H. Boctpokuyrosa, H.U. Mumenesa ; MI'TY. — Marauroropck
: MI'TY, 2018. — 1 snekrpon. Ont. Juck (CD-ROM). — ISBN 978-5-9967-1151-2.

5.®u3nka aroma, TBEpAOIro Teia, Aapa: MHCTPYKIMS MO BBIIOJHEHHUIO JIAOOPATOPHBIX
paboT 1o ¢u3mKe A cTyaeHToB Beex crenuanpHocteid / B.K. benos [u np.]. — Marautoropck:
'OV BITIO «MI'TVY», 2007. — 48 c.

r) [Iporpammuoe obecneuenue u UHTepHeT-pecypcebi:

IIporpammHoe o0ecnieuenune

Haumenosanue I10 Ne norosopa Cpoxk neicTBuUS TULIEH3UU




MS Windows 7

Professional(muis  |/-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)

MS Windows 7

Professional (s |[-757-17 ot 27.06.2017 27.07.2018
KJIACCOB)

MS Office 2007 |y, 135 o1 17.09.2007 GecepoumHo
Professional

7Zip cBOOOTHO 0eccpouHO
FAR Manager CBOOOJTHO 0EeCCPOYHO

IIpodeccnonanbHbie 0a3bl JAHHBIX U HH(POPMAIMOHHbIE CIIPABOYHbIE CUCTEMbI

Hassanue xypca

CchUIKa

VHuBepcuTeTcKas MH(POPMALMOHHAs CHUCTEMA
POCCUA

https://uisrussia.msu.ru

DnekTpoHHbIe pecypchl Oudauorexku MI'TY um.
['.1. HocoBa

http://magtu.ru:8085/marcweb2/Default.asp

Nudopmanmonnass cucrema - EnuHOEe OKHO
JIOCTYIIA K HH(POPMAIMOHHEIM pecypcam

URL.: http://window.edu.ru/

ITouckosas cucrema Akaaemust Google (Google
Scholar)

URL.: https://scholar.google.ru/

OnekTpoHHass 0a3a NEPUOIUYECKUX H3AAHUI
East View Information Services, OO0 «MBUC»

https://dlib.eastview.com/

9 MaTepHabLHO-TEXHHYECKOE o0ecnedyeHre TUCIHIINHBI (MOLYJIfA)

MaTepI/IaJ'IBHO'TeXHI/I‘IeCKOG obOecrieyeHue JUCHUITIIIMHBI BKIIFOYACT:




JlekMOHHAs ayIUTOPHS BKITIOYAET:
MynsTuMeANIHbIE CPEeICTBA XPAaHEHUS, TIepeauu U MPeCTaBIeHUs HHPOPMALIHH.

Jlaboparopus «MexaHuKH, MOJIEKYJIAPHOU GUZUKH U TEPMOJUHAMUKI BKITIOYACT:

1. bBauctuueckue MassTHUKHU.

2. Mastauk OGepOeka.

3. dusnueckuii MasTHUK.

4. locka I'anpTOHA.

5. JlaGopaTopHasi yCTaHOBKa JUI MCCIIEOBAHUS PACIPENEICHUSI TEPMOIIICKTPOHOB 10
MOJYJIIO UX CKOPOCTH.

6. JlaGopaTtopHast ycTaHOBKa HJisi ONpENENCHUs TMOKa3aTeliel aauadbaTbl Y METOJIOM
Knemana u /Ie3opma.

7. JJaGopaTopHasi yCTaHOBKA JIJIsl IPOBEPKH 3aKOHA BO3pPACTaHUs SHTPOMHU B MpPOIECcCe
QG Qy3un ra30B Ha MOJIENU MTEPEMEIINBAaHUS IAPOB.

8.JIabopaTopHasi yCTaHOBKA Ui IPOBEPKHU 3aKOHOB BO3PACTAHUS SHTPOIUU B IIPOIECCEe
Ter1000MeHa.

9.YcraHoBka IsabopaTopHas i M3YyY€HHUS 3aBHCUMOCTH CKOPOCTH 3BYKa OT
temneparypsl "M®-C3-M"

10. VYcranoBka mnabopaTtopHas i HCCIEAOBAHUSA TEIUIOEMKOCTH TBEPJIOTO Teja
"MO-TET-M".

11. VcranoBka nabopaTopHasi AJisg ONpPENeTIeHUs YHUBEPCAIbHOM Ta30BOM MOCTOSHHOM
"M®-OI'TI-M".

12.Ctenp 1abopaTOpHBIiA ra30BbIE MTPOLIECCHI.

13. MepuTenbHbBII HHCTPYMEHT.

JIaGoparopust «NEeKTpUUECTBA U ONITUKN» BKIHOYALT:

1. JlaGopaTopHas ycTaHOBKa Il MCCIEIOBAHUS DIEKTPOCTATUIECKOTO MOJIS C IOMOIIBIO
OJMHAPHOI0 30H1a.

2. YcTaHOBKA JUTS ITYHTUPOBAHMS MUJUTHAMIIEPMETPA.

3. YcranoBka 1abopaTopHas 11 OnpeieNeHHsI ”HIYKTUBHOCTH COJICHOM1a U MarHUTHOM
IIPOHUIIAEMOCTH.

4. YcraHoBKa jabopaTopHasi A7 M3ydeHHsl Pe30HaHCa HAIpPsDKEHUM M onpeesieHus
UHAYKTUBHOCTH

5. JIabopatopHasi ycTaHOBKa JUIsl M3y4EeHHUs JUIMHBI CBETOBOM BOJIHBI U XapaKTEPUCTUK
TUGPaKIUOHHOMN PEIIETKH.

6. JlabopaTopHas yCTaHOBKa JUIsl OINpENeNIeHUs] pajuyca KPUBU3HBI JMH3BI U JUTMHBI
CBETOBOM BOJIHBI C TOMONIBIO KoJier, HproTona.

7. JlaboparopHasi yCTaHOBKa JUIsl ONpEAETCHUs KOHILIEHTPALMM PacTBOPOB caxapa U
MTOCTOSIHHOW BpAIllCHMUS.

8. MepuTenbHbI HHCTPYMEHT.

JlabGopaTopust «ATOMa, TBEPIOTO TEJA, sIAPay» BKIIOYACT:

1. JTaGopatopHasi ycTaHOBKA JJIs U3y4eHUs BHEHIHETO (GoTordexra.

2. YcTaHOBKa JUIsl M3Yy4YEHHs CIIEKTpa aTOMa BOJOPOJA M OIpPEIeNICHUS MOCTOSHHOM
Punbepra.

3. YcranoBka mabopaTopHas IJIsl OTIpeIeIeH s MOTEHINala BO30YKICHHS Ta3a.

4. YcTaHOBKa JIJIs1 OTIpeIeNIeHUs JUIMHBI TPOOera YacTHUIl B BO3TyXe.

5. MepuTtenbHbIii UHCTPYMEHT.

Aynutopun A TPYNIOBBIX U UHIUBUAYAIbHBIX KOHCYIbTAIMM, TEKYLETO KOHTPOJIS U
IIPOMEXKYTOYHOM aTTECTAllMX BKIIOYAIOT: NHTEPAKTUBHAS JOCKA, IIPOEKTOP;
MynbTUMEAUINHBINA IPOEKTOP,IKPaH.



AyIMTOpHHM I CaMOCTOSATEIBHOM paboThl C BBIXOJOM B HWHTEPHET W C JIOCTYIIOM B
SIIEKTPOHHYIO HH(POPMAMOHHO-00pa30BaTEIbHYIO CPEly YHUBEPCUTETA.

KOMITBIOTEPHBIC KJIACChI; YNTAIbHbBIE 3aIbl OMOIHOTEKH [lepCcoHabHBIE KOMITBIOTEPHI C
naketom MS Office, ¢ Bexomom B HHTEpHET ©W C JOCTYIOM B BICKTPOHHYIO
UH()OPMAIIMOHHO-00Pa30BATEIbHYI0 ~ CPEly  YHHBEPCHTETa  BKJIIOYAIOT:  IEPCOHAIBHBIC
KommbroTepsl ¢ makerom MS Office.

[Tomemenne pans  XpaHeHHS W HPO(GUIAKTUYECKOTO OOCIYKHBAaHUS  y4eOHOTO
000pyIOBaHUSl BKJIIOYAIOT: CTEIUIAXH, CEH(BI AN XpaHeHUs ydeOHOro oOOpyJOBaHUS.
HHCcTOVMEHTHI IUISI DEMOHTA 000DVIOBAHUS.



puioxenne 1

6 YueOHO-MeTOoaHUYeCKOe o0ecieyeHne caMOCTOATeIbHOI padoThl 00y4aloIHuXCs

IHoaroroBka k J1abopaTopHbIM padboTam
JlaHHBIA BHJ CaMOCTOSITENFHOW PAa0bOTHI MPEAINOoaracT CaMOCTOSITEIbHYIO HPOpPabOTKy
00yyaromuMcsi METOAMYECKOr0 OMMCaHUs J1a0opaTOpHbIX pabOT M IMOJArOTOBKY KOHCIIEKTOB
OTMCAHMH JAHHBIX paboT Mepe]] MPOBEJCHUEM IKCIIEPHUMEHTA.
[Tocne npoBeneHust SKCIepUMEHTa 00yUaroIIUiCs Ha OCHOBAaHUH METOIMYECKOT0 ONHCAHUS
71a00paTOpHOIl pabOTHl CaMOCTOATENBHO MPOBOIUT 00PaOOTKY SKCIIEPUMEHTAIBHBIX JaHHBIX H
TFOTOBUT OTYET IO pabore.

Ipumepuvie mpebosanus k omyemy no 1a00pPaAmMoOpHbIM pabomam:

B otuet no mabopaTopHoii paboTe H0KHBI OBITH BKIIFOUEHBI CIEIYIOIINE MYHKTHI:
— Ha3BaHHE JJAOOPATOPHOU PabOTHI;
—  1enb paboThI;
—  ONHCAaHHE YKCIICPUMEHTATHHOW YCTAHOBKH U TOPSIOK BBITOJIHEHUS PAOOTHI;
—  DKCIIEPUMEHTAJIbHBIE PE3YIbTaThI;
— aHaJu3 pe3yJbTaTOB padOTHI,
—  BBIBOJIBI.

Tpebosanus k cooepacanuio OmoenbHbIX acmeti omuema 8 1abopamopHoi pabome

Onucanue 3KCNepUMEeHmManbHoOl YCMAaHOBKU U NOPAOOK 8bINOJHEeHUs pabomyl. B naHHOM
paszene TPHUBOAMTCS CXEMa SKCIIEPUMEHTAIBFHOW YCTaHOBKH C OIKMCAaHUEM €€ pPadOThl |
HOAPOOHO H3NaraeTcs MOPSAAOK MPOBEAEHUS SKCIIEPUMEHTA, NPOLECC MONYyYEHHUS IaHHBIX U
cnocod0 wux o60pabotku. i yabopaTopHbBIX padOT, CBS3aHHBIX C KOMIBIOTEPHBIM
MOJIEITUPOBAaHNEM (DU3UYECKHUX SIBICHUH M MPOIECCOB, HEOOXOAMMO B ATOM pasfelie OMucarTh
MaTeMaTHUYECKYI0 MOJIENb U KOMITbIOTEPHbIE TPOrpaMMBbl, MOJIETTUPYIOLIIE JaHHbIE SBJICHMUS.

Okcnepumenmanvhvle pe3yibmamul. B 3TOM pasgene HPUBOIATCA HEMOCPEACTBEHHO
pe3yibTaThl, MOJIyYEHHBIE B X0/1€ MPOBEJCHUS JJAOOPATOPHBIX PabOT: IKCIEPUMEHTAIBHO WU B
pe3yabTaTe KOMITBIOTEPHOTO MOJEIHPOBAHUS OMpEeNICHHbIE 3HAYCHHUsS BEIWYHMH, TpaduK,
TabIuIbl, JuarpaMMel. O0s3aTenbHO HE0OOXOMMO OLIEHUTh IOIPEIIHOCTH U3MEPEHUH.

Ananuz pezynomamoe pabomui. Paznen oTyera AOMKEH COAEpKaTh MOAPOOHBIN aHAIH3
HOJYYEHHBIX PE3y/IbTaTOB, MHTEPIIPETALMIO ATUX PE3YJIbTATOB Ha OCHOBE (PM3NYECKUX 3aKOHOB.
Crnemyer cpaBHHTH TIONyYEHHBIE pPE3yJIbTaThl C W3BECTHBIMH JIUTEPATYPHBIMH JAHHBIMH,
00CYIMTh UX COOTBETCTBHE CYIIECTBYIOIIMM TeOpeTHYecKUM Mozensim. Eciu oOHapyxeHo
HECOOTBETCTBHE TIOJYYCHHBIX PE3YJIBTaTOB M TEOPETUYECKHX PACUETOB WIIHM JINTEPATYPHBIX
JTAHHBIX, HEOOXO0JJMMO 00CYAUTh BO3MOXKHbIE TPUYUHBI 3TUX HECOOTBETCTBHIA.

Bvisoo. B BbIBOJE  KpaTKO  M3JaraloTCs  pe3yJbTaThl  pabOThl:  MOJy4YEHHbBIE
HKCIEPUMEHTAIBHO WM TEOPETUYECKH 3HAUYeHUs (U3NYECKHX BEIMYUH, MX 3aBHCHMOCTH OT
YCIIOBHI DKCTIEPUMEHTA MITM BBIOPAHHON pacdeTHOW MOJIEINTH, YKa3bIBAE€TCSl X COOTBETCTBHUE MIIH
HECOOTBETCTBHE (DU3MUYECKHM 3aKOHAM M TEOPETUYECKMM MOJIENSAM, BO3MOXKHbBIE NPHUYUHBI
HECOOTBETCTBHS.

IIpuMepHBIii BAPDHAHT JOMALIHHUX 32124
1 cemecmp

1. MarepuanbpHas TOUYKa JABMKETCS BIOIb MPSIMOH TaK, UTO €€ YCKOPEHHUE pacTeT TUHEHHO U
3a nepBbie 10 ¢ mocTturaer 3Ha4eHUs 5 M/c?, OrnpeenuTh B KOHIIE JACCSITOW CEKYHIBI: 1)
CKOPOCTh TOYKH, 2) MPOIeHHBIH Toukoi myTh. OTBeT: V=25 Mm/c, S=83,3 m.

2. Ban B BHj€ CIUIONMIHOTO IMJIMHApPA Maccoid Mi=10 Kr Haca)keH Ha TOPU30HTAIBHYIO OCh.



10.

11.

12.

Ha mununap HamoTaH mHYp, K CBOOOJHOMY KOHITY KOTOPOTO IOJABEIICHA T'HPsi Maccoii

My=2 kr. C KakuM yCKOpEHHMEM OYAET OIyCKaTbCsl TUps, €ClIU €€ MPEAOCTaBUTh CaMOM
2

cebe? Otaer: 2,8 m/c”.

MarepranbHas Touka Maccoil 10 r koneGnercs mo ypasaermio X=9Sin(0.27 t=7/4). (cm,
¢). HaliTu MakcuMaipHy10 CUily, IEHCTBYIOIIYIO HA TOUKY, U €€ MOJIHYI0 sHepruto. OTBeT:
Fmax=0,2 MH; W=4,9 mx]Ix.
B naboparopHoil cucreme oTcyeTra OJHA W3 JABYX OJMHAKOBBIX YaCTHUI[ C Maccod mg
MOKOUTCA, Jpyras JIBUXKETCS CO CKOpocThio v=0,8¢ MO HampaBlIEHUIO K MOKOALIEHCS
yactuie. OnpeaenuTe pelITUBUCTCKYI0 MacCy ABMKYILIEHCS YacTHIBI B JIAOOPATOPHOU
CHCTEME OTCYETa M €€ KMHEeTHYeCKyto sHepruto. Oteer: m=1,67 mo; E=0,67 mocz.
WneanpHblii Ta3 HM30XOPUYECKH OXJQJWIN, a 3aTeM HW300apUYECKU PACIIUPWIA JI0
NepBOHAYANIbHOM TeMIepaTypbl. Bo CKOIBKO pa3  M3MEHSETCs SHEPTUH MOCTYNATEIbHOTO
JIBUKEHMSI MOJIEKYJI ra3a B M30XOPHUYECKOM IIPOLIECCE, €CIIM B XOJE €ro JaBJICHHE raza
yMeHbIINIOCh B 3 pa3a? Bo CKOJIBKO pa3 M3MEHSIETCA CPEIHSs CKOPOCTh JBMKEHUS
MoOJIeKyI B u3obapuyeckom npouecce? Oteer: 3; 1,73.
12 1 a30Ta HAXOIATCA B 3aKPBHITOM cocyae o0bemoM 2 1 npu Temneparype 10°C. Tlocne
HATPEBaHMs JABICHHE B cOcyIe cTano paHo 10 Mm.pr.cT. Kakoe kommdecTBo Teria Gbiio
coo0mieHo razy npu HarpeBanun? OtBeT: 4,1- 10% Jix.
Haiiaure nuist razoo0pa3Horo a3ora TemMrepaTtypy, MpH KOTOPOH CKOPOCTSIM MOJIEKYI Vi =
300 m/c u v2 = 600 M/C COOTBETCTBYIOT OJJTHAKOBbIC 3HAYCHUS (DYHKIIH pacTIpe/ICICHUs
m(V, -V,*)

= =330K.
4K In(V, 1V,)

Makcgemna f(V). Otser:
Cwmemanu Boay maccoit mi=5kr npu temneparype T1=280 K ¢ Bonoit maccoit my=8kr npu
temneparype T2 =350 K. Haiitu: 1) Temneparypy 0 cmecu; 2) usmenenue AS sHTpomnuw,
npoucxoxsmiee npu cmemuBanun. OteeT: 323 K; 0,3 xJ[x/K.

Toueunsie 3apsaabl q1=10 HK u q2=-20 HKn HaxonsaTcs B Bo3ayxe Ha paccTossHuu 10 cm
JIpyr oT apyra. OnpenennuTs HapsDKEHHOCTD MOJI B TOUKE A, yAaJIEHHOW Ha PacCTOSTHUE
6 cM oT mepBoro u Ha 8 cMm ot Broporo. Kak uzmeHnurcs
NOTEHLMAIbHASL PHEPIUS B3aMMOJIECHCTBUS 3apsAl0B, €CIU
NepeMeCTUTh BTOPOH 3aps/ B 3Ty Touky? Kakyro 1ist aTOro
HYXHO coBepnTh padory? Otset: 37,6 kB/m; 12 Mx/Ix.
Ha puc. 3.1. &=1,0 B, &=2,0 B, &=3,0 B, r1=1,0 Owm,
r=0,5 Om, r3=1/3 Om, R;=1,0 Om, R3=1/3 Owm.
Omnpenenure: 1) cuiabl TOKa BO BCEX ydacTKax LeENu; 2)
TEIUIOBYKD ~ MOIIHOCTb,  KOTOpas  BBIIENsSETCA  Ha
conporuiiennu R3.OtBet: [1= 0,625 A, [,=0,5 A, 13=1,125
A; P3= 0,42 Br.

[To nByM OecKOHEYHO JJIMHHBIM MPSMBIM MapajieIbHbIM MPOBOJAM, HAXOISIMIUMCA Ha
paccrosaun R=10,0 cm apyr ot apyra B Bakyyme, TekyT Toku [1=20,0 A u [,=30,0 A
OJlMHaKoBOro HampasieHus (puc. 4.1). OnpenenuTe MarHUTHYKO HMHAYKLIMIO nons B,
CO3/1aBa€MOT0 TOKaMU B TOYKaX, JISKAIIMX Ha MPSMOIi,

€1,

€3 I3
Rl Ez/ rz

puc. 3.1.

R I,

coequHSOMUX 00a mpoBoaa, ecnu: 1) Touka C IeXKUT Ha h

paccTosHuM 11=2,0 CM JieBee JIeBOro mpoBoja; 2) Touka J[ ----e (X - -e-----(X) - »---
JIEKUT HA PACCTOSIHUU 12=3,0 CM IIpaBee IpaBoro nNpoBo/a; ¢ n s G N

3) rouka G nexUT Ha paccTosiHUM 13=4,0 CM ITpaBee JIEBOTro Puc.4.1.

nposoja. Oteet: Bc=0,25 mTun; Bg=0,23 mTi; B=0.

[TpoBoasiuii TUIOCKUN KOHTYp, UMEIUN ¢GopMy okpyxkHOcTH paauyca r = 0,05 M
MIOMEIIEH B OAHOPOJHOE MAarHUTHOE I0JIE TaK, YTO JINHUM MarHUTHON MHAYKLHHU IOJIS
HaIpaBJIeHbl NEPIEHIUKYISIPHO TUIOCKOCTH KOHTypa. CompoTtuBieHue KoHTypa R = 5
Om. MarnuTHas uHAYKIMS MeHsieTcs o 3akony B =kt, rae k = 0,2 Tn/c. Onpenenure: a)
3.71.C. ’HAYKIIMH, BOSHUKAIOIIYIO B 3TOM KOHTYPE; 0) CHITY MHIYKIIHOHHOTO TOKA; B) 3apsij,
KOTOPBIA IPOTEYET IO KOHTYPY 3a NEpBbIE 5 cCeKyHA n3MeHeHus noius. Orser: 1,6 MB; 0,3
MA; 1,6 MKi1.



2 cemecmp

1. B ombite FOHTra HCTOYHMK MCITYCKAET CBET C JJIMHAMH BOJIH A1=0,5 MkM 1 A,=0,55 MKM.
Ha skpane, pacmonoxeHHOM MapajiebHO MIEsIM, HaOII0JAI0TCS IBE IIEPEKPHIBAIOIIUECS
uHTepdepeHIoHHbIe KapTUHBL. Kakol HaMMeHbLINH 10 cueTy(He cuuTas EHTPAIBbHOTO)
MaKCUMyM HUHTEP(EPEHIIMOHHON KaPTUHBI OT BOJHEI A1 CTPOTO HAIOKUTCS HA MUHUMYM
uHTEepEPEHITMOHHOM KapTHHBI OT BOJIHBI C A2? OTBET: MATHIN.

2. Ha MBUIBHYIO TUICHKY, HAXOMSIIYIOCS B BO3JyXe, MaaeT 6enblii cBeT mox yriaoM i=45° k
MOBEPXHOCTHU IUICHKHU. [lokazarens npenomieHusi MbUibHOM Boabl n=1,33. B pe3ynbrare
uHTEp(EepEeHITNN OTPAKEHHBIC JTyYH OKA3bIBAIOTCS OKPAIIICHHBIMU B KENTHIN [[BET (ITMHA
BosTHBI A=600 HM). HaliTh HauMEHBIIIYIO TOJIIWHY IUICHKH, IIPU KOTOPOH TIPOU30UIET ATO
ycuienue. Otset: 0,133 Mxm.

3. Toueunwri ucrounwk cera S (A=0,50 Mkwm), mIOCKas
nradparma ¢ KpyrieiM oTBepcTHEeM pamuyca 1= 1,0 MM u L e+nmn
SKpaH PacrloJiOKEeHbl TaK, Kak IOKa3aHO Ha pucyHke 12.27 r ¢ DT
(a=1,00 m). OnpenenuTh paccTosiHUE B 10 Ara(parMel, Ipu

__.m

KOTOPOM OTBEPCTUE OTKPBIBAJIO OBl I TOUKH P Tpu 30HBI a 8
O®penens. Oteer: 6=2,0 M.
4. JluppakuumoHHas  pelleTKka  OCBEIleHa  HOPMAJIbHO
Puc. 12.27

MaJalolIM MOHOXPOMAaTHYECKUM cBeToM ¢ A=0,55 MxMm. B
TU(PPAaKLIMOHHOW KapTUHE MAaKCHMyM BTOpPOrO IOpsIKa
OTKJIOHEH Ha yroy @ =12,7°. Ha kaxoii yrojl OTKJIOHEH MaKCHUMYM TPEThEro nopsjaka?
PaccuuTaiite neproa AudpakimOHHON pelIeTKy U YUCIIOo 1eneit Ha mupuHe 1 mm. OTBeT:
19,3%5 mxwm; 200.

5. Kakyio TpyOky c pactBopom caxapa (C-{) HeoOXOIMMO MOCTaBUTh MEXIY JBYMS
CKpEIIEHHBIMH MOJIIPU3aTOpaMH, YTOObl MHTEHCUBHOCTb CBETA, BBIIIE/IIETO U3 BTOPOTO
NOJIIpU3aTOpa OKaszajach B 3 pa3a MEHbIIE WHTEHCHBHOCTH €CTECTBEHHOIO CBETA,
NaJar0Iero Ha nepBbii nossgpuzarop? CuuTarh, YTO yEIbHOE BpallleHHEe pacTBOPA PaBHO
6,23 rpan/(% -m), Tpy6ka normomiaer 15% npoxoasiiero yepes Hee CBETa, NOJAPU3aTOPHI
npo3paunbl. OtBeT: C-{=10 % M.

6. Wznydenue c qyuHOM BoHbI 17,8 HM paccenBaeTcsi CBOOOIHBIMHU JIEKTPOHAMH BEILIECTBA.
HabGmonaercs usznydenue, paccesHHoe mnoa yriaoM m/3. Omnpenenutb yroia MEXIY
MagarommM GOTOHOM H SIEKTPOHOM oTxadn. OTBeT: 65°.

7. W3BecTHO, 4YTO JBUXKYIIUECS HEPENSITUBUCTCKHE MPOTOH U anb(a-yacTHIla HMEIOT
OJIMHAKOBBIE 1€0pOIIEBCKUE AITUHBI BOJIH. BO CKOJIBKO pa3 OT/INYAIOTCSA UX KHHETUYECKHE
sHeprun? OTBeT: 4.

8. B omHomepHON OeckOHEYHO TIyOOKOH MNOTEHIMaIbHON sMe MmupuHOM { HaxoauTcs
JJIEKTPOH B HEBO30Y)KJIE€HHOM 3HEPreTUYECKOM COCTOSHUU. BBIUMCINTH BEPOSITHOCTH

oOHapyXeHHs 3JIEKTPOHA B MHTEpBaje HIMPUHON A , PAaBHOYAAJIEHHOM OT CTE€HOK SIMBI.
Ortser: 0,475.

9. Haiitm wmMITymBC DIIEKTPOHA B aTOME BOJOPOJA, €CIM WHAYKIUS MarHUTHOTO TOJIS,
CO3JIaHHOT'O MM B LIEHTpe OpOUTHI NpH BpaiieHuu, pasHa 0,39 Tn. Otser: 10 xr-m/c.

10. ITpm pacname paauoakTUBHOTO MOIOHUA-210 Maccoit 0,66 T B TedeHune BpeMeHH t = 1 4
oOpa3oBaiics refuil, KOTOPBIH MpU HOPMAJIbHBIX YCIOBHAX 3aHsu1 00beM V = 89,5 Mm®,
Onpenenurte nepuo noiaypacnana nononus. Oteet: 138 cyr.

11. B paavoakTUBHOM psy ypaHa sSApo BUCMYTa-212 MOXeT NpeBpaTUTHCS B SOPO
cBuHIA-208 nByMs criocobamu (TipereprieBast o- U -pacnajbl), HAMUIIATE BO3MOXKHBIC
peakuuu. Kakue npoMexxyTodHbIe spa U KaKue YacTUIBI TPU ATOM 00pa3yroTcs?

12. Kakyro mMaccy BOIBI MOKHO HAarpeTh OT 0°C 110 KMITCHHSI, ECIIM HCIIOJIB30BATh BCE TEILIO,
BBIJICIIAIONICECS B PEaKLUKU 3Li7(p,(x), IIpU IIOJTHOM PA3J0KEHUHM IIPOTOHAMHU OIHOTO
rpaMmma JIuTus?



Ilepeyennb BOPOCOB K KOJUIOKBHYMaM

KOJIJIOKGM_)/M 1. Kunemamuka u OunHamuka nocmynameislibHoO20 U epauiameslbHozo

osudICeHUA
1. Cucrema orcuera. MarepuanbHas Touka. TpaekTopusi.
2. Pamgmyc-BexTop, nepeMenieHne U MPOrICHHbIN MyTh.
3. TlonsTHe CKOPOCTH U YCKOPEHUSI MaTePUAIbHON TOUKH.
4. CpeaHue M MTHOBEHHbBIE CKOPOCTH U YCKOPEHHUSL.
5. JlBukeHuE 10 OKPY>KHOCTH. YTOJI IOBOPOTA, YIJI0Basi CKOPOCTb U YIJIIOBOE YCKOPEHHUE.
6. CBs3b YIVIOBBIX M JIMHEWHBIX BEJIMYHH.
7. KpuBonuneitnoe aBmwxeHue. TaHreHumanpHoe U HOpMajdbHOEe YyckopeHue. [loiHoe
YCKOpEHHeE.
8. Tlonsartue cuibl, MacChl M UMITYJIbCA.
9. IlpuHuun cynepno3uuuy JeHCTBYIOIINX HA TEJIO CHUIL
10. OcHOBHBIE 3aKOHBI TUHAMHKH MTOCTYMATEILHOTO JBH)KECHUSI.
11. MomeHT umMnysnbca ¥ MOMEHT CHJIbI OTHOCUTEIBHO TOUKH.
12. MowmenT nnepuun TBepaoro tena. Teopema LlTeitnepa.
13. OcHOBHOE ypaBHEHHE AMHAMHUKH BPAIIATEIbHOTO JBU)KEHUSI.
14. AHanorus xapakTe€pUCTUK U ypPaBHEHUH MOCTYINATEIbHOIO U BPAILIATEIbHOTO IBUIKEHUS.
15. KoHcepBaTHUBHBIE U TUCCUIIATUBHBIE CUIIbI. PaboTa KOHCEpBATUBHBIX U TUCCUIIATUBHBIX CHIL.
16. Cps3b MeXIy CHUIION M TOTEHIIMAIBHON SHEPTHEH.
Konnoxeuym 2. 3axonwl coxpanenusn. Mexanuueckue Ko1e0anus u 60J1Hbl
1. 3amkHyTtas cucreMa. 3aKOH COXPaHEHHsI UMITYJIbCa CUCTEMBI Tell.
2. 3aKoH COXpaHEHHS MOMEHTA UMIYJIbCa CHCTEMBI Tell.
3. Pabora u wmoumHocTh. KuHeTHMueckas sHeprust MHOCTYNATENbHOIO U  BpaIATEbHOTO
JIBYDKCHUSI.
4. TloTeHuumanbHas SHEprus. 3aKOH COXPaHEHUs MOJTHON MEXaHWYECKOH SHEPrHH.
5.  YpaBHeHUE rapMOHHUYECKUX KOJIEOAHUM U €r0 pelIeHHUE.
6. XapakTepucTHUKHU KojeOaHul (aMIUIMTY/Aa, 4acTOTa, HayajabHas (aza).
7. Marematuueckuil 1 pU3NUECKUl MaITHUKH.
8. CnoxxeHHe rapMOHUYECKUX KoeOaHUi 0JHOTrO HarpapiieHus. buenus
9. CrnoxeHne neprneHANKYISPHBIX Koebanuii. durypsr Jlnccaxy.
10. VpaBHeHue 3aTyxaromux KojaeOaHui U ero petieHue.
11. XapakTepucTUKH 3aTyXawmoIIUX KoyiebaHU (Bpemsl penakcaluuu, JIOrapu(pMUUECKH
JIEKPEMEHT, JOOPOTHOCTB).
12. DHeprusi rapMOHUYECKHX KOJICOAHHIA.
13. BemHyxaeHHble konebanus. Pe3oHanc.
14. TlonepeuHsle U MPOAOJIbHBIE BOJHBIL. XapaKTEPUCTUKU Oeryleil ypyroi BOJIHBI.
15. CkopocTh pacrpocTpaHEHHs YIIPYTHX BOJIH
16. Knaccudwukarus BoiH 1o (JopMe BOITHOBOW TOBEPXHOCTH.
17. BonHOBOE ypaBHEHHE U €T0 pelleHHe.
18. Hamosxenue ynpyrux BoiH. CTosidast BOJHA U €€ 0COOCHHOCTH.
Konnoxeuym 3. Hoeanvuwtii 2a3. Ilepeoe nauano mepmoounamuxu
1. Monens uneansHOro raza.
2. Tlapamerpsl cOCTOSHUSL.
3. JlaBienwe u Temrieparypa ¢ Touku 3perns MKT.
4. OcHoBHoe ypaBHeHne MKT
5. YpaBHeHHE COCTOSIHUS HICATTHHOTO Ta3a.
6. 3axon boiinsa-Mapuorra.
7. 3axoH I'eit-JIroccaxa.
8. 3axon [lapus.



9. 3akon ABorapo.
10. 3akon JlanmsToHA.
11. Ywcno crerneHeit cBOOO b MOJIEKYJIbL.
12. BHyTpeHHsIs SHEpIHsl.
13. Teopema o paBHOpacTIPEIEIICHUH SHEPTHH 10 CTETICHSIM CBOOOIBL.
14. PaGora raza.
15. TlepBoe HayasI0 TEPMOAMHAMUKHY.
16. TermmoemMkoCTb (yaeIbHASL, MOJISIpHAS).
17. TlepBoe Ha4yasI0 TEPMOAMHAMUKY B IIPUMEHEHUH K H30TEPMHUECKOMY ITPOLIECCY.
18. TlepBoe HayasO TEPMOAMHAMUKY B IIPUMEHEHUH K M300apHOMY TPOLIECCY.
19. IlepBoe Ha4aIO TEPMOAMHAMUKH B IIPUMEHEHHH K H30XOPHOMY ITPOLIECCY.
20. Apmabartideckuii iporiecc. Yparenve [ lyaccona.
21. TlomuTpOrHBIi Iporiecc.
Konnoxeuym 4. Cmamucmuueckaa pusuka. Bmopoe nauano mepmoounamuxu.
Oumponusn
1. TlonsiTue BEpOSTHOCTHU U CPEIHEN BEIHUMHBI.
2. OyHKUOUS pacupeieNeHHs CIIyd4aifHON BEJIMYMHBI, €€ CMBICH, YCIOBUE HOPMHPOBKH.
3. Pacnpenenenue MOJEKYI MO MPOEKIUSAM CKOPOCTEH.
4. Pacnpenenenue MOJEKyJ O MOIYJIO CKOPOCTH.
5. Hawubonee BeposATHAs CKOPOCTh U €€ CMBICTI.
6. CpenHsis CKOPOCTh M €€ CMBICTI.
7. CpenHekBaapaTHuyHasi CKOPOCTb U €€ CMBICI.
8. Pacnpenenenne bonbivana.
9. Bbapometpuueckas hopmyna.
10. CraTucTuyeckuil BEC MaKpOCOCTOSHHSL.
11. Ob6patumblie U HEOOpPATUMBbIE IPOLIECCHI.
12. Bropoe Havano tepmoauHamuku. @opmymmposku Knaysmyca u Kenbpuna.
13. DuTponus cucteMsl u ee cBoiicTBa. Teopema HepHcTa.
14. V3meHeHue SHTPONUH B TEIJIOBBIX MTPOLIECCaX.
15. Huxnuueckuit mporecc. KoaduimeHT monesHoro eiMcTBUs TEMIOBONH MaIIUMHbI
16. Huxi Kapuo. Teopema Kapho.
17. Craructuyeckuii cmbici suTponuu. @opmyna bonbimana.
Konnoxeuym 5. Inekmpocmamuxa. Ilocmoannstit mok
1. Drextprdeckuii 3apsi.
2. DIeKTpOCTaTUYeCKOE TIOJIe.
3. 3axon Kynona.
4. HanpspkeHHOCTb MIEKTPOCTATUYECKOTO OIS,
5. TpuHimn cynepno3uimu Jyist HAPsHKEHHOCTH AMIEKTPOCTATHUYECKUX TTOTEH.
6. Teopema ["aycca s SIIEKTPOCTATHYECKOTO TTOJTS.
7. TloTeHIman 3MeKTPOCTATIHYECKOrO TOJISL.
8. TIpuHIMM Cyrepro3uIwy st TOTEHIAAA.
9. Pabota o nepeMereHuto 3apsi/ia B NEKTPOCTATUYECKOM TOJIE.
10. Cps13b M&X/Ty HAPSHKEHHOCTHEO M TIOTCHITHAIOM.
11. DreKTpOeMKOCTh YEAMHEHHOTO MPOBOTHUKA.
12. KonpeHcarop.
13. DneKTpoeMKOCTb IIOCKOT0, ChepUUecKOro U LIMIIMHIPHYECKOTr0 KOHIGHCATOpa.
14. CoemuHeHne KOHIEHCATOPOB.
15. Dueprust 3apsHKEHHOTO KOHJIEHCATOpA.
16. Dnexrprdeckuii Tok. Cra ToKa.
17. 3axon Oma B HHTETpaTbHOM (hopMme.
18. DrnekTprdeckoe HaMPsHKEHHE.



19.
20.
21.
22.
23.
24,
25.
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Noabkown

CorpoTrBIIEHHE IPOBOTHUKA.

CoeuHeHe COPOTUBIICHHUI.

[TnotHOCTH TOKA. 3akoH Oma B muddhepeHmansHoi GopMe.
Croponnue cuibl DIC.

3axon OMa J1j1s1 HEOTHOPOTHOTO YJacTKa IIETH.

IpaBuna Kupxroda st pacuera pa3BeTBICHHBIX LIETICH.

PaboTa 1 MOIITHOCTB AIeKTpUUecKoro Toka. 3akoH Jlxoyss-JleHta.

Konnoxkeuym 6. Macnummnoe none. Illepemennwiiit mok

VCTOYHUKH MarHUTHOTO MOJIS.

NHaykuys MarHuTHOTO noJist. EquHuie! nuamepeHust.
HarnpsxkeHHOCTh MarHUTHOTO TOJIs1. EAMHUITBI H3MEpeHHs.
Cuii0BbI€ JIMHUM MAarHUTHOTO TOJISI (JIMHUM MAarHUTHOW MHIYKIIMH).
3akoH-buo-Casapa.

[IpuHIUI Cyneprio3uIIMi MAarHUTHOTO TTOJIS.

[ToTok BeKTOpa MHIYKIIMH MAarHUTHOTO TOJIS.

Teopema ['aycca ayist MAarHUTHOTO TOJISL.

[upkynsiust BEKTOpa HHAYKIIMA MAarHUTHOTO TOJISI.

. Teopema 0 HUPKYISAIMU BEKTOPA MHAYKIIMU MarHUTHOTO MOJIS.

. Cuna Jlopenua. IIpaBuino onpeznenenus ee HanpaBICHUsL.

. Cuna Amnepa. [IpaBuio onpezeneHus ee HarpaBICHUS.

. MarautHoe nosne B Benjectse. HaMarHM4eHHOCTD.

. MarauTtHas npOHUIIa€MOCTh BEIIECTBA.

. 3aKOH aneKTpoMarHuTHOW nHAyKuuu ®Papanes. [Ipasuno Jlenna.
. SIBIIeHHE CaMOMHIYKIINH.

. IHAyKTUBHOCTS.

. MarauTtHas sHEprusi KOHTypa ¢ TOKOM. DHEPrUsl MarHUTHOTO ITOJISL.
. [lepeMeHHBIH TOK.

. PeakTBHOE conpoTuBIeHNE (MHIYKTUBHOE U €eMKOCTHOE).

. Ummennanc (mosiHOE COMPOTUBIICHUE).

. Jle¥cTByIONIME 3HAYE€HUS TOKA U HAIIPSLKEHNS.

. Mo1HoCTb, BbIIENsIeMas B LIENH IEPEMEHHOTO TOKA.

. Tox cmemenus. [IMOTHOCTh TOKA CMELIECHHUS.

. YpaBHeHust MakcBesia B MHTETpajabHOM opMme.

. YpaBHeHust MakcBeiia B quddepeHnmanbHoi Gpopme.

. DIEeKTpOMarHUTHbHIE BOJHBL. Y paBHEHHUS MakcBesuia Juisl 3J1eKTPOMarHUTHBIX BOJIH.
. CkopocThb pacnpocTpaHEHHs 2JIEKTPOMAarHUTHBIX BOJIH.

. DHeprus 31eKTPOMarHUTHOM BOJIHBI.

. Bexrop IloliHTHHTA.

. IMITynbC 3J1€KTpPOMarHuTHON BOJIHBL.

. JlaByieHnE 3JIEKTPOMAarHUTHON BOJIHBI.

Konnokeuym 7. Boanosasa onmuka

KpuBasi oTHOCUTENBHOM CHEKTPaNbHOM YYBCTBUTEIBHOCTU (KpHBas BUIHOCTH). /[namazon
ONITUYECKOT0 JEKTPOMArHUTHOTO W3Ty4YeHus (B HaHOMeTpax U B I'm).

AOCONIOTHBIN MOKa3aTess nperomieHus. OnTu4eckas MIOTHOCTh CPEIbI.

Yto Ha3pIBaeTCA NHTEHCUBHOCTHIO BOJIHBI?

3akoHbl reomeTpuyeckoit ontuku. [Ipuaun depma.

Yro Ha3pIBaeTCA KOre€peHTHOCTHIO? [lJIMHA U IIMpUHA KOTEPEHTHOCTH.

Yro takoe unTepdepeHus BoaH? OCHOBHON NPUHIUI UHTEPHEPEHIIMOHHBIX CXEM.
VYcoBust HaOIIOICHUSI MAKCUMYMOB 1 MUHUMYMOB TIPH MHTEP(EPEHLINHU OT ABYX TOUYCUHBIX
VCTOYHUKOB.

Meronpl HaOmoaeHuss uHTepdepennuu: meton HOnra, Oounpusma Dpenens, Ouzepkana
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Openens, Oununza buiie, 3epkano Jlnoiina.

YcnoBus HaOMIOIEHUS! MAKCUMYMOB U MUHHUMYMOB MpU UHTEP(HEPEHIIMH B TOHKUX TIJICHKAX.
ITosockl paBHOrO HAKJIOHA U MOJIOCH! paBHOU TonmuHbL. Konbia HeroToHa.

UYro HaswiBaeTcs nudpaxiueid BoiaH? [Ipuanun [roiirenca.

[Tpunuun [Moiirenca-@penens. 3ous Openens.

Hudpaxius OpeHens Ha KPYTJIOM OTBEPCTHH U JIUCKE.

Hudpakuus Opaynrodepa Ha menn U AUGPaKIIHOHHON peIIeTKe.

JudpakimonHas pemieTka 1 ee CleKTpalbHbIe XapaKTEPUCTUKU (IUCTIEPCUs U pa3peliaonas
CIIOCOOHOCTB).

CBeToBOI1 BEKTOP. YeM OTIMYAETCs] €CTECTBEHHBIN CBET OT MOJISIPU30BAHHOTO?

Uro Takoe nossipuzanus cBera? Buasl noaspusaniu cBeTa.

Yro Takoe noJspu3aTop, ero OoNTHIECKas 0ch, IIIOCKOCTH Mponyckas nojspusaropa? Kakosa
MHTEHCUBHOCTh CBETA BBILIEALIETO M3 MOJSApHU3ATOpPa IO CPABHEHUIO C MHTEHCUBHOCTHIO
MaJAKOLIEro Ha HEro €CTECTBEHHOr 0 cBeTa’?

YactuuHo nosisspu3oBaHHbIN cBeT. CTENeHb MOSIpU3alliY CBETA.

Yro Takoe aHanuzarop? 3akoH Matoca.

[Tonsipu3anus cBeTa Npu OTPaKEHUH U NIPEIIOMIIEHUN Ha TPaHMIIE ABYX JUAJIECKTPUKOB. 3aKOH
bprocrepa.

JBoitnoe myuenpenomiienne. OObIKHOBEHHBIN 1 HEOOBIKHOBEHHBIN yuu. [1om0oXuTEeNbHBIN
Y OTPULIATEIIbHBINA KPUCTAILIIBI.

[Tonstpusanmonnsle npusmsl. [Ipuzma Hukours.

Bpanienue miaockocTH NoJisipu3alid. YTOJd HOBOPOTAa IUIOCKOCTH MOJSPU3ALUUA YUCTHIMU
ONTUYECKU aKTUBHBIMU CPEIaMU U pacTBOPAaMU ONTUYECKU aKTUBHBIX BEIIECTB.

Konnoxeuym 8. Keanmosasa onmuka

TennoBoe W3IydeHHE M €r0 OCHOBHBIE XapAaKTEPUCTHKU (SHEPreTHUECKass CBETUMOCTD,
CHEKTpallbHas IIOTHOCTh YHEPTeTHUECKOW CBETUMOCTH, MOIJIoNaTeabHas CHOCOOHOCTH).
Uro HazbiBaeTcst aOcomoTHO uepHbIM TesnoM (AUT), ceppiM TenoM, abCOMIOTHO OenbIM
tenoM? Mognens AUT.

3akon Kupxroda st TEmIoBOro u3rydeHus.

3akoH Credana-bonbiimana. ['paHuIbl €10 MPUMEHUMOCTH.

3akoH cMerieHus Buna.

®opmyna Penes-J[xunca 1 nonstue o6 ynpTpaduoneToBoil karactpode.

['unoresa u popmymna [lnanka. Cesi3zb popmynsl [1anka ¢ 3aKkoHAMH TETUIOBOTO U3JIYYCHHUS.
Yro takoe HoTorpeKT (BHEMHNMN, BHYTPEHHUN, BEHTUIIbHBII)?

BonbramnepHas xapakTepucTHKa (OTOIIEMEHTA.

3akoHbI BHeIHero Goroad¢exra (3akoHbl CTONETOBA).

['unoresa DitHIITEHA U €r0 ypaBHEeHHE i BHENTHero ¢potodddexra. Kak ¢ momoripio 3Toro
ypaBHEHUS O00BACHSAIOTCS 3aKOHBI (oTOd(PdexTa?

Yro takoe MHOrOQOTOHHBIN PoTordpdexT? Kak 3amucbiBaeTcsl ypaBHeHHE DWHINTEHHA Ui
atoro otorddexra?

DHeprusi, Macca, IMITYJIbC POTOHA. J[aBIeHne cBeTa C TOUYKU 3PEHUsST KBAaHTOBOH ONTHKH.
Dddext KomnToHa u ero teopus.

KoprmyckynsspHO-BOTHOBasi JIBOMCTBEHHOCTh CBETa (SBJICHUS, TNPHUBOJAIINE K TaKOMY
IPEJICTaBICHUIO, U (POPMYJIBI, CBA3BIBAIOIINE KOPITYCKYJISIPHBIE U BOJTHOBBIE XapaKTEPUCTUKU
cBeTa)

Konnoxeuym 9. Teopua bopa. Inemenmul K6anmoeou mexanuku
CrnexTpanbHble cepuu atoMa Bojgopoaa. O6o6mennas popmyna bansmepa.
Monenu atomoB Tomcona u Pezepdopna. DxkcnepumenT Pesepdopaa mo paccesauio anbda
YaCTHUIl TOHKOU (DOJIBrOM.
Mogens aroma bopa. [Tocrynarst bopa.
CrexTp BOJIOPOIONOI00HBIX aTOMOB COTJIacHO Teopuu bopa.



13.
14.
15.
16.
17.

10.

11.

12.

13.

OneiT @panka u ['epua.

Henocratku teopuun bopa.

I'unoresa ne bpois u ee SKCIEPUMEHTAIbHBIC TOATBEPKICHHUS.
CooTHoteHust HeotpeeneHnoctei I eizendepra.

BonnoBast pyHkius u ee cMmpici. CBOHCTBa BOJIHOBOW (DYyHKIIWH.

BpemennOe u ctanmonapHoe ypasHenue Ipénunrepa.

[Tpumenenue ypasaenus Lpéaunarepa K 0 JHOMEPHOMY JIBUKECHUIO CBOOOTHON YaCTHIIBI.
Yactuua B OJJHOMEPHOM MPSIMOYTOJbHON MOTEHLUUATBHOU sIME C OECKOHEYHO BBICOKHMU
CTEHKaMH.

[Torenmaneabiil 0apsep. TyHHENBHBIN 3 dekT. HanbappepHoe oTpaxkeHue.

VYpasuenue Hlpéqunrepa s atoma BOJOPO/IA U €r0 PELICHUE.

Cnun snektpona. Onsit LlTepna u ['epiaxa.

KBanToBsie uncna. [Tpunnun [Taynu. Pacnpenenenue 35ekTpoHOB 1o 000109KamM

[TpaBuna or6opa. Cxema mepexo 0B AIEKTPOHA B aTOME C yYETOM IpaBmil 0TOOpA.

Konnoxeuym 10. Aoepnaa ¢puzuka

Kakue yactuipl BXoJIAT B cocTaB siapa atoma? Ilepedncnure XxapaKTepUCTUKH 3TUX YaCTHILL.
Kak MO>KHO BBIUMCIIUTH pa3zMmep siapa?

Kak cumBonmueckn 3amuchIBaeTCs PO aToMa KaKoro-1nbo XxuMudeckoro snemenrta? Yro
Ha3bIBACTCSI MACCOBBIM M 3apsAfoBbM unciaamu? Kakuwe sapa Ha3bIBarOTCS HM30TOMAMH,
n3o00apaMu, U30TOHAMU?

Kakue cunbl ynepkuBaroT HYKIOHBI B siape? Ilepeuucnure ux cBoiicTtBa. Onumure
KBAaHTOBBIIl MEXaHU3M B3aUMO/JICHCTBHS HYKJIOHOB B sIJIpE.

Kanenbnass u oGonodeunas mopnenu snapa. [lepeuncnure ux ocobeHHOCTH. OOBICHHUTE
HOHATHUS «Maru4ecKue Ynucia» U «Maruyeckue sapay.

Uro Takoe medeKT Macchl, SHEPTHs CBS3M M yJelbHas »Heprus cBszu? Kakas BennymHa
XapakTepu3yeT yCTOWYMBOCTH sJiep? 3aBUCUMOCTh Y/EIbHOIN SHEPIHM CBSI3U OT MAaCCOBOTO
YHcla.

Yro Ha3bIBaeTCs paAMOaKTUBHOCTHIO? EcTecTBeHHas M MCKYyCCTBEHHasl PaJUOAKTUBHOCTB?
3aK0H paJIMOaKTHBHOTO pacmaja. AKTUBHOCTh PAJHOAKTHBHOTO BEIIECTBA.

Anbda-pacnaa. Kakum s dexkrom oObscHsIeTcs BbuleT anbha-yacTuibl U3 sapa? Ilpasuna
cMeleHus1. 3aKOHbI COXpaHeHus mpu pacnazae. Uto takoe mpober anbda-4acTHIlbI?
bera-pacnaz, ero Bunael. Kakue nporeccsl mpoucxosT B siape npu Oeta-pacnazne? IIpasuia
CMeIeHHs. 3aKOHBI COXpAaHEHHS TIPU pacmaje.

['amma-n3ny4yenue, ero cBoiicrsa. KakoB MexaHn3M MCITyCKaHUsl TaMMa-KBaHTOB SAPOM (Ha
OCHOBaHMU Kakol wmojenu sapa)? Kakum sBiseTcs ramMMa-CleKTp paaroaKTHBHOTO
3JIEMEHTA — CIUIOIIHBIM WM JIMHEHUaThIM — U 1TouemMy?

3aKOH TOTJIONICHUSI TaMMa-U3IydeHHs BemecTBOM. ONHUIINTE MPOLECcCh B3aUMOICHCTBUS
raMMa-u3JIydeHus: ¢ BemiecTBoM: (GoTod((dekT, KOMOTOHOBCKOE paccesiHhe, oOpa3oBaHue
3EKTPOHHO-TIO3UTPOHHBIX AP, sAEPHBINA GOTOAIPEKT.

Yro Takoe sepHas peakuusa? YpaBHEHHE SIEPHON peakuuu. DHEPreTMYECKHH BBIXO[
SIEPHON PeaKInu. 3aKOHBI COXPAHEHUS MPH SICPHBIX PEAKIIHSIX.

Yro Takoe nenHas peakuus nenenusi? [Ipusenure npumep. [lpuHmuns paboTsl sSaepHOTO
peakTopa U aTOMHOI OOMOBI.

TepmosinepHas peakiusi. OCHOBHBIE ITyTH CHHTE3a SiIep BOJOpona B siapa renus. [IpuHmmn
paboThI TEPMOSIIEPHOTO peaKTopa U BOJOPOTHONH OOMOBI.

IIpumepHbIe BapuaHThI KOHTPOJIBHBIX padot (KP)
KP Nel «Mexanuxa»

1. [IpssMmonrHEITHOE ABMKEHUE MAaTEPUATHBHOM TOUKH OTIMCHIBACTCS YpaBHEHUEM X = 3

- 48 + 28 (m). Uemy paBHa cpelHsis CKOPOCTb JBMKEHUS TOYKM OT HA4aJIbHOT'O MOMEHTa 0
MOMEHTa BpeMeHH t = 3 c?



2. CrepxeHb Maccoil 1 Kr u ammHON 1 M MOKET BpalaTbCsi OTHOCUTEIBHO CBOEIO
neHTpa. B kpaii crepkns momamaer myns maccod 10 r, aBmxkymascs co ckopoctbio 100 m/c
NEPIEHIUKYIJIIPHO CTEPKHIO, U 3aCTpeBacT B HEM. UeMy paBeH CyMMapHbIi MOMEHT UMITYJIbCa
CTEP>KHS U IYJIM OTHOCUTEIBHO OCH BpPallIEHUs cpa3y ke Mocie ygaapa?

3. Tonkuit 00pyu pamguycom R = 50 cM mojBemnieH Ha BOWTHIA B CTEHY T'BO3Ib H
Kosie0JIeTcs B IJIOCKOCTH, MapajuieNibHOM creHe. Ompenenuts nepuoj 7 MajblX 3aTyXarolux
KosebaHuit 06pyya, eciau kodhdurmentT 3aryxanus = 0,9 ¢,

4. [pearnoaouM, 9TO0 Mbl MOXKEM M3MEPUTh UTMHY CTEPXKHs ¢ TouHOCThIO Al=0,1
MKM. [IpH Kakoii OTHOCHTENBHOI CKOPOCTU JIBYX MHEPIMAIBHBIX CHCTEM OTCYETa MOXKHO OBLIO
Obl 00HAPYKHUTH PEIIATHBUCTCKOE COKpAIllEHHE JJIMHBI CTEPKHS, cOOCTBeHHas JutnHa |y koTroporo
paBHa 1 M?

KP Ne2 «Monexynapras ¢huzuxa u mepmoOuHamuKa,

1. B cocyne ¢ moBHXHBIM OPIITHEM HAXOJIUTCS YIIACKUCIbIHN ra3. ['a3 cxanu
aanabaTU4eCKH, YMEHBIINB ero 00beM B 2 paza. Bo CKOIbKO pa3 yBeNTWYHIIOCH IaBIICHUE
rasa.

2. Pa3HOCTb ynenpHBIX TEMI0EMKOCTEHR (Cp - ¢y) HEKOTOPOIO JBYXaTOMHOIO

raza paBHa 260 Jx/(kr-K). Haiitm momspayro maccy M Ta3a u ero yaeiabHbIE
TEIUIOEMKOCTH Cy U Cp.

3. 4 Moyl MJIEIBHONO OJHOATOMHOIO TIa3a HM30XOPUYECKU OXJIAJWIH,
YMEHBIIMB JaBJeHHE B 2 pa3a. 3aTeM ra3 n300apHuecKd Harpeiau A0 MepBOHAYAIbHOM
temneparypbl. Hapucyiite rpaduk nporecca. Haiinnte m3MeHeHHE >HTPONUH 32 BEChH

nporiecc.

4. B pesynbpraTe kpyroBoro mporecca ra3 coepimi padbory A=1 JIx u
nepesan OXJIaAUTeNo KonuuecTBo TernoTel Q2=4,2 JIx. Onpenenuts Tepmuyeckuit KI1/]
1 LUKIIA.

KP Ne3 «DOnekmpuuecmeo u macHemuzm»

1. [Io OeckOHEYHO [UIMHHOMY TMPSMOMY IPOBOJY TEYET IOCTOSHHBIN
snextpuueckuii Tok | = 100 A. Ha paccrostHuu I =1 M OT Hero pacrnosiokeHa paMKa B BUJIE
KBajpata co cTopoHoii a = 0,1 M, KoTopas JEKUT B OJHOM IUIOCKOCTH C IMPOBOAOM. YeMy
paBeH MOTOK MarHUTHOW MHAYKIIMU YEPE3 3Ty PaMKy?

2. [Tpu yBenuueHuu B 2 pa3a CUIIbl TOKA B KaTYIIKE, €€ SHEPTUs BO3pociia Ha
AE = 6 Jlx. HaiiTu HayaJlbHOE 3HAYE€HNE DPHEPIMH KaTYIIKH.
3. Nmeetcst OeCKOHEUHO IIMHHAS MpsiMas HUTb, 3apsyKeHHasi paBHOMEPHO C

auHenHoU ioTHoCThIO T = 0,2 MkKi/M. OnpeenuTs pa3HOCTb MOTEHIIUAIOB IBYX TOUEK
MOJIs1, YIAJICHHBIX OT HUTU Ha 1 =3 cM U ' = 6 cMm.

4. Yactuna c 3apsaom = 1 HKN, npomenmas ycKOpsOIIYI0 pa3HOCTb
noreHuuanoB U = 200 kB, nBuxercs B 0THOPOJAHOM MarHUTHOM MOJI€ 1O OKPYKHOCTH
panuycoM R = 1 mm. Haiitu cuny F, neiicTByrolyto Ha 4acTHILYy CO CTOPOHBI MArHUTHOTO
TIOJISL.

KP Ne4 «Boanosas onmukay

1. Ha nytu cBeTOBOI BOJIHBI, UAYLIEH B BO3AYyXE, MOCTABWIN CTEKJIIHHYIO
IUIACTUHKY ToimuHOW h=1 mMM. Ha CKOJbKO M3MEHMTCSl ONTHYECKAas JUIMHA TYTH, €CIIH
BOJIHA M/Ia€T Ha TUIACTUHKY HOPMAJIBHO.

2. Ha ycranoBke nansi HaOmrogeHus konel, HproToHa OBIT U3MEpeH B
OTpasKEHHOM CBETE paanyc TpeThero TeMHoro kosbia (k=3). Koraga mpoctpaHcTBo MexX Iy
IJIOCKOIAPAIIJIENBHOM IUIACTUHOM M JIMH30M 3allOJIHWIM KUIKOCTBIO, TO TOT XK€ Paguyc
CTaJO0 WUMETh KOJBIIO C HOMEPOM, Ha eIuHHIy OoibiuM. OmpeneauTh TOKa3aTelb



MIPEJIOMIIEHUS 11 5KUJIKOCTH.

3. Onpenenutsb yrioByro aucrepcuto Do nudpakImOHHOM PEIIeTKH IJIs yTiia
mudpakuu ¢==30° u amuHbel BoaHB A=600 HM. OTBeT BhIpa3uTh B eauaumax CU u B
MHUHYTaxX Ha HAHOMETP.

4. [TnacTrHKY KBapua TOMIMHON 01=2 MM, BBIPE3aHHYIO TCPICHIUKYISIPHO
ONTHYECKON OCH, MOMECTHJIM MEXAY NapajUICIbHBIMH HUKOJISIMH, B PE3yJbTaTe Yero
IUIOCKOCTH TMOJIAPH3AIMU CBETa MOBEPHYJIAch HA yroy ¢ =53°. Onpenenuts TONIHHY O)
IJIACTUHKHA, TPH KOTOPOH JaHHBIH MOHOXPOMATHYECKHH CBET HE MPOXOJIUT Yepe3
aHaJIM3aTop.

KP No5 «Keanmosas onmuxay

1. Onpenenuts Temmeparypy 1, Tmpu KOTOpPOW DJHEpreTHdeckas CBETHMOCTh R,
gepHOro Tena pasHa 10 kBr/M’ .

2. MakcumanbHasi CKOPOCTb Viax POTO3JIEKTPOHOB, BBUICTAOIINX U3 METaJlIa
npu oOydeHun ero y-poronamu, pasaa 291 Mwm/c. Onpeenuts SHEPTUIO € Y-(POTOHOB.

3. PeHTreHoBCKOE M3Iy4YCHHE JJIMHOW BOJHBI A =55,8 mM paccenBaeTcs IIUTKOU
rpadura (koMOToH-3Qdext). OnpenenuTs JUIMHY BOJIHBI A’ cBeTa, paccessHHOro moj yrioM 6=60°
K HaIlpaBIICHUIO T IAIOIIETO MTyJKa CBETA.

4, OnpenenuTh TOBEPXHOCTHYIO IUIOTHOCTh | TIOTOKAa 3HEPrUM U3JIYUYCHHUS,
MaJaloIero Ha 3epPKabHYIO TIOBEPXHOCTD, €CIIM CBETOBOE AABJICHUE p NPU MEPIEHANKYISIPHOM
najgeHuu aydeit pasao 10 mxlla.

KP Ne6 «Teopus bopa. nemenmol KBAHMOBOU MEXAHUKU»

1. Ha ocHoBe Teopuu atoma bopa BBIUHUCIUTE PaiguycChl ; U I3 BTOPOM U TPETheH
OpOUT B aTOME BOJIOPO/IA.

2. Onpexnenuts AIMHY BOJIHBI e Bpoiiis A XapakTepu3yIollyto BOJIHOBbBIE CBOMCTBA
AJIEKTPOHA, €CIIU ero ckopocTh V =1 Mwm/c. Caenarhb Takol ke MoACUeT I MPOTOHA.

3. Hcnonb3yst COOTHOLIEHUE HEOIPEACIICHHOCTEN Il KOOPAMHATBI U UMITYJIbCA
HalTH BBIpaXXECHHE, IMO3BOJIAIONIEE OLEHUTh MUHUMAIBHYIO KHHETUYECKYIO SHEPTUIO DIIEKTPOHA,
HaXOJSIIErocs B OJJHOMEPHOM 0ECKOHEUHO TITyOOKOM MOTCHITUAIBHOM SMe IIMPUHOH L.

4. YacTuiia B MOTCHIMAIBHOM SIIIMKE IMUPUHOW | HaXoauTCsi B BO30YKICHHOM
coctostauu (N = 2). Onpenenuth, B Kakux Toukax uHTepBaia (0 < X < |) mIoTHOCTh BEpOSTHOCTH
[w2(X)]? HAXOX/IeHNS YACTHIIBI MAKCHMAJTbHA i MHHHMAJTbHA.

KP Ne7 «Aoepuas gpuzuxa»

1. Kakoa BepositHOCTE W TOTO, UTO JaHHBIN aTOM B H30TOIIE PaJAMOAKTUBHOIO Hoza
131 pacrazaeTcs B TeUCHHE OJIMKaNIIeH CeKyHIbI?

2. Onpenenutes Maccy m,; HEMTPAIILHOTO aTOMa, ECIIH SIAPO 3TOTO aTOMa COCTOUT U3
TpeX MPOTOHOB U JABYX HEWTPOHOB U 3HEprus cBs3u E, snpa pasHa 26,3 MaB.

3. Anpa-uzo6apet H® u He® cocrosiT 3 OIMHAKOBOTO 9HCIIA YACTHIL (HYKJIOHOB).
OnvHakoBHI U Y HUX 3Hepruu cBsa3u? Kakoe u3 aTux sinep 6osee ycToiuuBo?

4. Onpenenuts SHepruio peakuuu 'Li+p—2*He, ecnm sHeprum cBs3sM Ha OJHMH

HYKIIOH B sztpax 'Li u “He pasrsr 5,60 u 7,06 MaB.



IIpuioxenne 2

7 OueHOoYHbIE cpeacrea Jid NIpoOBEACHUS l'lpOMe)KyTO‘IHOﬁ arrecranmmm

a) [lnanupyembie pe3yJbTaThbl 00yUYeHHS U OLlEHOYHbIE CPEACTBA ISl IPOBEACHUS NMPOMEKYTOUHON aTTeCTAlNM:

CtpyKTypHBII
3JIEMEHT

KOMIICTCHII N

[Tnanupyemsble pe3yabTaThl 00yueHHUs

OrneHOYHBIC CpPEICTBA

OIIK-3 CriocobeH mpUMEeHsITh COOTBETCTBYIOIIMIA (PU3NKO-MAT

eMaTUYCCKUN alrapar, METoAbl aHaJIn3a U MOACIIMPOBAHUA, TCOPCTHUICCKOI'O U

OKCIICPUMCHTAJIBHOT'O MCCJICJOBAHUS IPU PCIICHHUN HpO(l)eCCI/IOHaJII)HI)IX 3aga4

OIIK-3.1 Ucnonb3yer METO/IbI aHann3a u
MOZICTTUPOBAHHS npu peLIeHUH 1.
npoeCCHOHATIBPHBIX 33/1a4, MOJICTTMPOBAHUT
Y IPOSKTHPOBAHUU SHEPTOCHCTEM 2.

OIIK-3.2 Cnoco0eH npUMEHATH COOTBETCTBYIOIIMMA 3.
(U3MKO-MaTeMaTHYeCKUi  anmapar  IpH 4.
TEOPETUYECKOM W JKCIIEPHUMEHTAIEHOM
UCCIECOBAaHMM B pEIIeHHHM  33j1ad S.
SHEprocOepeKeH s 6.

7.
8.
9.
10.
11.
12.
13.
14.

Hepeueub meopemudecCKux 60npocos K IK3ameny:

Marepuanbnass Touka. Cucrema orcuera. TpaekTopus, [JIMHA MYTH, BEKTOP
nepemenieHusi. CKopocTb.

VYCKOpEeHHE U €r0 COCTaBIISIIOIINE. YIIIOBasi CKOPOCTh U YITIOBOE YCKOPEHUE.
3akonbl HetoToHa. 3akoH coxpaHeHust ummynbca. LlenTp macc.

MomenT wuHepuuu. MOMEHT CHiIbl. YpaBHEHHME JUHAMHMKH BpPALATEIbHOIO
JBUKEHMSI TBEPAOro Tejaa. MOMEHT UMIYIIbCa U 3aKOH €r0 COXPaHEHUsI.

OHeprusi, paboTta, MOIIHOCTh. KuHeTnueckast 1 NoTeHIMa bHAas SHEPTUsl.

3aKoH coxpaHeHHs 3Hepruu. Kunernueckas sHeprus BpalleHusl.

['apMoHMYeckue KonebaHuss U X XapaKTePUCTUKU. ['apMOHUYECKHH OCIHILIATOP.
[TpyXuHHBIHN, PU3NUECKUI 1 MaTEMATUUECKUN MasITHUKH.

3aryxaroliye U BbIHYKACHHbIE KOoJeOaHMs.

BonnoBsie mpomeccsl. [IpogonsHbIe U TOTIEpeYHBbIE BONHBL. YpaBHEHHUE Oerymiei
BOJIHBL. BomHOBOE ypaBHEHME. 3BYKOBBIE BOJIHBI.

[TapameTprl COCTOSHUS TEPMOAMHAMHYECKOM cHCTEMBL. 3aKOHBI HEAIbHOTO ra3a.
VYpaBuenue MenpaeneeBa-Knanelipona. OcHoBHoe ypaBHeHue MKT. 3axon
MakcBeinna o pacpeeIeHnA MOJIEKYIN HIEabHOTO Ta3a 0 CKOPOCTSIM.
Pacnpenenenne bonbimana. CpenHee 4MClO CTOJKHOBEHUH U CpelHss JJIMHA
cBOOOHOTO Tpobera. SIBIeHus mepeHoca.

Yucno creneneii cBoo6ozasl. [lepBoe Havuago TepMOAUMHAMUKH. TerI0eMKOCTb.
[IpumeHeHue epBoro Havasa TEPMOJIMHAMHKY K M30MpoIieccaM. AnadaTnaecKui
Y IIOJINTPOIIHBIN MPOLIECCHI.




CTpyKTypHBIii
JJIEMEHT
KOMIIETCHIINH

[Tnanupyembie pe3yabTaThl 00yUEHHS

OneHouHble CpeacTBa

15.
16.
17.

18.

19.

20.
21.
22.
23.

24,

25.
26.

27.
28.
29.
30.

31.
32.
33.
34.

Kpyrogoii nporece (1ukin). O6paTumbie 1 HEOOPATUMBbIE TTPOIIECCHI.

Ourponus. Bropoe nayano repmoaunamuku. [uxi Kapho.

DNEeKTpUYECKUH 3aps]. 3aKOH COXPAHEHHUs NIEKTPUUECKOro 3apsaa. 3akoH Kymona.
HanpsbkeHHocTh  3ekTpocTarnueckoro  mosst.  [lpuHnun — cyneprno3uuuu
AIIEKTPOCTATUYECKUX TOJIEH.

Teopema l'aycca JUISL AIEKTPOCTATHYECKOTO TOJISL. [Torenuman
aNeKTpocTaruyeckoro  mons.  CBs3p  HANpsSDKEHHOCTH M IIOTEHIMaa
AIEKTPOCTATUYECKOTO TOJIS.

Tunsl nuanexkrpukos. HampsokeHHOCTs mong B auaiektpuke. [IpoBonHuku B
IIEKTPUUECKOM IIOJIE.

DNEeKTpHUYECKask EMKOCTb YEAUHEHHOTO NPOBOAHUKA. KOoHIeHCaTOpEL.

Cwia v iotHoCcTh ToKa. CtoponHue cwibl. J[C u HanpshKeHue.

3akoH Oma. ConpoTHBIIEHNE IPOBOJHUKOB.

Pabora m momHocte TOKa. 3akoH JDxoyns-Jlenna. IlpaBuna Kupxroda s
pa3BETBICHHOM LEMH.

IlepeMeHHBII TOK Ha YyYacTKe LENH, COAEpXKalleM pPE3UCTOp, KaTyLIKy
WHAYKTUBHOCTH M KOHJEHCATOp. MOIIHOCTB, BbIAEIsAEMAas B LENU MEPEMEHHOTO
TOKA.

MarauTtHoe nose u ero xapakTepucTuku. 3akoH buo-Casapa-Jlamnaca.

3akoH Ammepa. JleficTBUE MarHMTHOIO MOJIS Ha JBUXKYLIMICS 3apsan. SIBieHue
AIIEKTPOMAarHUTHON MHIYKIMH. 3akoH Papases.

NHaykTuBHOCTH KOHTYpa. CaMOMHIYKIWSA. DHEPTUs MarHUTHOTO T1OJIS.

B3aumuas unaykuus. Tpancdopmartopsl.

Tok cmemenns. YpaBHeHHus: Makcsesuia.

ONEeKTpOMarHuTHas BOJIHA MU €€ CBOMCTBA. OHEPrus, HMIYIbC MU JaBICHUE
AIIEKTPOMAarHUTHON BOJIHBI.

Junamarneruku. [Tapamarnetuku. @eppoMarHeTUKU.

OcHoBHble 3ak0HBI ONTUKH. [ToHOE OTpaxkeHue.

Tonkue nun3bl. M300paskeHne IpeAMETOB € TIOMOIIIBIO JIMH3.

KorepeHTHOCTh 1 MOHOXPOMAaTUYHOCTh CBETOBBIX BOJH. MIHTepdepeH1us cBeTa.




CTpyKTypHBIii
JJIEMEHT
KOMIIETCHIINH

[Tnanupyembie pe3yabTaThl 00yUEHHS

OneHouHble CpeacTBa
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37.
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45.
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47.

48.
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50.

51.
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53.

Metonbl HabmoneHuss untepdepeHunn cera. MHTepdepeHus cBera B TOHKHX
IJICHKAX.

[Ipunnun Noiirenca-®Openens. 3oubl OpeHes.

Hudpaxnus OpeHens Ha KPYIIoM OTBEPCTUH U JHCKE.

Hudpaxus OpayHrodepa Ha OAHON MIeTU U HA TUGPAKIIMOHHON perieTKe.
EcrecTBenHbli 1 ONIIpU30BaHHbBIN CBET. 3akoH bprocTepa.

JBoitHOE nyuenpenomiieHne. Bpaienue niockocT noiasipu3aluu.

TermoBoe W3IydeHHWE W €ro XapakTepucTtukdh. 3akoH Kwupxroda. 3akoH
Credana-bonpiimMana u cmenienus: Buna.

Buner goroaddexra. 3akonsl BHemHero ¢oroddpdexra. YpaBHeHue DWHIITEIHA
Jutst BHeITHero goTtodddexra.

Macca u umnynbc ¢otona. JlaBnenue csera. O¢dexkr Komnrona. EmuncTBO
KOPITYCKYJISIPHBIX Y BOJIHOBBIX CBOMCTB JIEKTPOMArHUTHOTO U3Ty4ECHHUS.

Mopnenu atoma Tomcona u Peszepdopna. JIuneluarslii ciekTp aroma BOJOpOJA.
CrnekTpanbpHble CEpUN aTOMa BOLOPOJA.

[Toctynarst bopa. OnbiTel @panka u ['epra. Cnektp aroma Bogopoaa mno bopy.
CootHouleHne HeompeneneHHoctedl [eitzenOepra. BomHoBas ¢yHKkius u ee
CTAaTUCTHYECKUI CMBICI.

VpaBuenne  Illpenunrepa. UYactuna B OZHOMEPHOM  NPAMOYTOJIBHOM
«TOTEHITUATILHOM sIMe» ¢ OECKOHEYHO BHICOKUMHU CTEHKAMH.

[TpoxoxkaeHHEe YaCcTHIIBI CKBO3b MTOTEHIMATILHBIN Oapbep (TyHHEIbHBIN 3¢ deKT).
CocrosiHue aromMa BOJOPO/Aa B KBAHTOBOM MexaHuke. YpaBHeHue llIpénunrepa nns
aToma BOZIOPO/ia U €T0 pELICHHUE.

Pa3mep, cocraB u 3apsig aroMHOTO siipa. MaccoBoe u 3apsimoBoe 4ucia. Jedekr
MaccChl ¥ SHEPTHUs CBA3M siipa.

SAnepHble cuibl, UX CBOMCTBa. KBaHTOBBIM MEXaHU3M B3aMMOJICHCTBHS HYKJIOHOB B
A1pe.

KanenbHast u o6om04eyHast MOJIENH Sapa, UX 0COOEHHOCTH. «Marndeckue yucia» u
«Maru4eckue siapay.

PannoaktnBHOCTh. EcCTECTBEHHass M HCKYCCTBEHHAasl PaJMOAKTHBHOCTb. 3AaKOH
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pPaaruOaKTUBHOI'O paciiaaa. AKTHUBHOCTH pPaauoOaKTHUBHOI'O BCUICCTBA.

54. Anpda-pacnan. IlpaBuna cmemeHus. 3akoHBl COXpaHEHHs TpU  pacmaje.

BzaumoneiicTBue aﬂb(ba H3JTyUCHUS C BCUICCTBOM.

55. bera-pacnan, ero Buabl. [IpaBuna cMmemienus. 3aKOHBI COXpaHEHUs TPU pacrajie.

BzaumoneiicTBue OeTa H3JIy4YCHU C BCUICCTBOM.

56. Tamma wu3nydeHHWe, €ro CBOWCTBA. [ amMMma-CIIEKTp paJMOaKTHBHOTO JJIEMEHTA.

BzaumoneiicTBus ramMmma H3JTYUCHUS C BCIICCTBOM.

57. SlnepHble peaklMK U UX OCHOBHbIE TUIIbI. Peakuus nenenus sapa. Llennas peakuus.

TepmosinepHas peaxiusi.

Hpumepnbte npakmu4eckKue 3a0auu 014 IK3AMeEHa:

1.

OnHopoanslii cTepkeHb Maccoi M = (0,5 Kr mojBelieH Ha TOPU3OHTAIBHOM OCH,
MIPOXOAAIIEH yepe3 ero BepXHuil KoHell. B Touky, OTCTOAIIYI0 OT ocH Ha 2/3 1JIMHBI
CTEpXHS, yAapsAeTcs My Maccol m = 6 T, JIeTA11asi TOPU30HTAIBHO CO CKOPOCTBIO Vo
=10° m/c, n 3acTpeBacT B HeM. ONpeaennTh CKOPOCTh HUKHETO KOHLIA CTEPAKHS cpa3y
1ocJe yaapa.

Ha o060z xoneca B ¢opme ToHKOro 06pyda mMaccod M = 0,4 Kr, KOTOpBIH MOXKET
BpallaTthCs BOKPYT CBOEH OCH, HAMOTaH IIHYpP, K KOHI[y KOTOPOIO MOJIBELIEH Ipy3
Maccod m = 90 r. Ha kakyro BBICOTY OIyCTUTCS Ipy3 uepe3 t = 1 ¢ mocie Haudana
JIBIDKCHUSL.

Jlorapugmuueckuii JeKpeMeHT HeKoTopoil KoneOmromeiics cuctembl A = 0,02.
Omnpenenure, BO CKOJIBKO Pa3 YMEHBIITUTCS SHEPTUS 3TON KOJIeOaTeIbHONW CHCTEMBI 3a
BpeMsi, COOTBETCTBYIOLIEE 75 MOTHBIM KOJICOaHUIM.

B cucreme K' mokowtcst crepkeHb, COOCTBEHHasl JiMHA lgp KoTOporo paBHa 1 M.
CrepxeHb PacHoJIOkKEeH TaK, YTO COCTABISET yroil @o=45° c¢ ockio X'. Omnpenenutsb
mrHY | crepyxHs u yron ¢ B cucteme K, eciu ckopocTs v cuctemsl K' oTHOCcuTensHO K
paBHa 0,8 c.

MarepuanpHasi Touka Maccoii M = 0,2 Kr COBEpIIaeT TAPMOHUYECKHE KOJIeOaHUs 110
3akony X = 0,1 c0s (nt/2 - n/4) M. HaliTn MakCUMaJIbHYIO MOTEHIIHAIBHYIO YHEPTUIO
TOYKHU.
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10.

11.

12.

13.

Ha nony ctouTt Tenexka B BUA€ JJIMHHOM JOCKH, CHAOKEHHOM JIeTKUMHU Kosiecamu. Ha
OJIHOM KOHIIE JOCKH CTOMUT 4eioBeK. Macca uyenoBexka M = 60 kr, Macca gocku = 20
kr. C Kakoil CKOpOCTBbIO M (OTHOCHUTENBHO I0JIa) OYyIeT NBUTaThCS TENeXk,Ka, eCld
YeJIOBEK MOUJIET BJIOJIb JIOCKH CO CKOPOCTBIO (OTHOCUTEIILHO JOCKH) V=1 m/c? Maccoii
KoJjec npeHeOpeub. TpeHue Bo BTyJIKaxX HE YYUTHIBATS.

boek cBaitHoro monora maccoir M;=500 Kr magaeT ¢ HEKOTOPOW BBHICOTHI HA CBaIO
maccoii mMp=100 kr. Haitru KIIJT " ynapa Goiika, cumTas ymap Heympyrum.
N3meHeHneM NOTEeHIIMANbHON YHEPTUH CBaU MIPU yIiIyOJIeHUU ee mpeHeOpeyb.

lNenuii cmermanu ¢ Heu3BecTHBIM ra3oM. [lokazarens aanabarhl MOTYyYEHHON CMeECH
okazasica paBeH 1,38. CKOJIbKO aTOMOB COCTABJISIFOT MOJIEKYIY HEU3BECTHOI'O rasa
cmecu?

HekoTopoe kommuecTBO Tenus pacHIMpseTcs CHayana aauadaTHYecK, a 3aTeM
n3obapuvecku. Koneunas temmeparypa raza paBHa HavaibHOW. [Ipm ammabaTHOM
paciMpeHn ra3 coBepiua padory, pasuyto 4,5 kJ[x. Hapucyiite rpaduk mpoiecca.
Kaxoe koianuecTBO TEMIO0THI MOTJIOTUI Ta3 3a BECh npoiiecc?

Cwmemanu Boxy Maccoit mp=5 kr npu temneparype T1=280 K ¢ Booit Mmaccoit my=8 kr
npu temnepatype T>=350 K. Haiitu usmenenue AS sHTpomnuu, Npoucxosuiee npu
CMEIIMBAHUH.

NneanpHblii AByXaTOMHBIN Ta3, COAEp KAl KOJWYECTBO BeIIeCTBa V=l MOIb H
Haxoasmuiics noxa nasineHueM p1=0,1 MIla npu tremnepatype T1=300 K, narpeBatot
MIPU TIOCTOSTHHOM 00beMe 710 naBienus p,=0,2 MIla. [Tocne aToro ra3 n3oTepMudecku
pacimupmiIcs 10 Ha4ajdbHOTO JaBJICHUS W 3aTeM M300apHO ObUT CKAT O HAYaJIbHOTO
oowvema Vi. [loctpouts rpaduk nukina. Onpenenuts Tepmudeckuii KIT/ n mukia.
OxuHAKOBble YacTUIBl Maccoil M=10"? r kaxmas pacrmpeselieHbl B OJHOPOJAHOM
TPaBUTAIIMOHHOM Toyie HampspkeHHocThio G=0,2 MxH/kr. Omnpenenuts OTHOIIEHHE
Mj/T; KOHIICHTPAIM YaCTHUIl, HAXOMSIIMUXCS Ha OHKBHUIIOTCHIIMAIBHBIX YPOBHSX,
oTcTOSIIUX Apyr oT Apyra Ha Az= 10 m. Temnepatypa T BO BceX CIOSIX CUMTAETCS
oMHaKoBOM 1 paBHoM 290 K.

Omnpepenure, mpu Kakou Temneparype raza, COCTOSIIEro U3 CMECH a30Ta U KUCIOPO/a,
HanboJee BEpOSTHBIE CKOPOCTH MOJIEKYJI a30Ta U KHCIIopoia OyIyT OTJINYaThCs APYT
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14.

15.

16.

17.

18.

ot npyra Ha Av = 30 m/c?

3Has QYHKIMIO PACIIPEAEIEH s MOJIEKYII IO CKOPOCTSIM B HEKOTOPOM MOJIEKYJISPHOM
m? mv? 5 .
nyuke f(v)= PR V° exp okt |’ HAWTH BBIPAXKEHUS /I HauOoJiee BEPOATHOM

CKOPOCTH V5.
JIBa 0/IMHAKOBBIX MPOBOISALINX 3aPSPKEHHBIX LIapa HaXOATCS Ha paccTossHUU =60 cM.
Cuna otrankuBanusg F; mapoB paBHa 70 mxH. Ilocie Toro kak mapel mpuBeld B
CONPUKOCHOBEHHE W YJAIWIU Jpyr OT JApyra Ha IpeXHEEe paccTOsHUE, CHila
OTTAJIKUBAaHUA BO3pocia u ctana paBHo Fo=160 mxH. Berauciuts 3apsiast Q1 u Qy,
KOTOpbIE OBUIM Ha IIAapax JI0 UX CONPUKOCHOBEHUH. J[MaMeTp 1apoB CYUTATh MHOTO
MEHBUINM PACCTOSHUS MEXK1Y HUMH.

JIBe TOHKOCTEHHBIE KOHIIeHTpuueckue chepsl ¢ paauycamu Ry = 0,2 m u Ry = 0,4 m
HecyT Ha cebe 3apsiIbl ¢ MOBEPXHOCTHBIME IUIOTHOCTSAMH o1 = | HKi/M® 1 o7 = 3
HKi/M*  COOTBETCTBEHHO. IIpocTpaHcTBO MeEXIy HHMMM 3allOJIHEHO Cpelol ¢
JIUDJIEKTPUYECKON MpOHMIaeMocThio €& = 2. YeMmy paBHa HampsHKEHHOCTD
JNEKTPUYECKOTO MOJIA B TOYKAX, OTCTOSIIMX OT

eHTpa Ha pacctosiuus = 0,1 mu r; = 0,3 M. i i

B cxeme, uzobpaxenHoit Ha pucyHke, £=10,0B,

£=20,0 B, £5=30,0B, Ri=1,0 Om, R,=2,0 Om, Ra=  F Rz fis
3,0 Om, R4s=4,0 Om, Rs=5,0 OM, Rg=6,0 OMm u £2
R,=7,0 Om. BHyTpeHHee  CONpPOTHBIIECHUE £ £2 Rs

UCTOYHHUKOB TpeHeOpexumo Mmajno. Ormpenenure

BEJIMYMHBI TOKOB BO BCEX yYacTKax LeNu U padoTy,

COBEPILICHHYIO BTOPbIM HCTOYHUKOM 3a IPOMEXYTOK BpemeHu At=0,1 c.
Konnencarop moakmtoueH k 6arapee ¢ /[C € = 8 B 1 BHyTpeHHUM CONPOTUBIICHUEM I
= 2 OM kak nokasaHo Ha pucyHke. Comnporusnenue pesucropa R = 2 Om. Kakoit
JIOJKHA OBITh €MKOCTh KOHJIEHCATOpa, 4TOOBI IOCJE 3aMbIKaHMs KIH0Ya SHEPIus
KOHJIEHCATOpa yMeHblmnach Ha 48Mk/x?
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20.

21.

22.

23.

24,

25.

. ITo xoHTYpYy, N300pa)KEHHOMY Ha pUCYHKE, uaeT Tok cuioi [=100A. ||
OnpenenuTb MAarHUTHYIO HHIYKUUAIO B 1o, co3maBaeMyro STUM -
o _ ]
TOKOM B TouKe O. Pajnyc M30rHyTON 4acTi KOHTypa paBeH R=20 cm | 1

(O-IieHTp KPUBH3HBI KOHTYPa), a yroi a=60°. c ¢
B nocrositHHOM MarHuTHOM nose ¢ uHaykuue B = 5 Tn nHaxomurces R
3aMKHYTBIM NPOBOISAIIMN KOHTYp, ILIOIIAJb KOTOPOIO MEHSETCS IO —l:I—T
3akony S(t) = (4 + 0,2t) M. Yemy paBHa DJ|C MHAYKIMH B MOMEHT
BpeMEHH t = 5 ¢, €ClIM KOHTYp PacloIOokKeH TaK, YTO IPOHU3bIBAOIINN |
€ro MarHUTHBIN MOTOK, MAKCUMAaJICH? '
[lepnenukynsipHO MarHUTHOMY mojt0 ¢ uHAykuued B=0,1 Tn g
BO30YKIEHO 2JIEKTpHUecKoe mosie HampsbkeHHocThio E= 100 kB/m.
[lepnenukynspHo OOOMM TOJSM JBUXKETCS, HE OTKJIOHSSCH OT
NPSAMOJIMHENHON TPAaeKTOPHUH, 3apsDKEHHAs 4YacTula. Beluucinth N
CKOPOCTb L YACTHIIEL. 0¥
Hcrounuk S cBera (A=0,6 MKM) U TUTOCKOE 3epKaio M
pacmosoeHsl, Kak nokazaHo Ha puc. 30.7 (3epkaino
JInowina). YUro Oyner Habmromatbest B TOUKe P dKpaHa,
rne cxonates iyuu SP u SMP, — cBeT nnu TemMHoTa, eciu
|SP|=r=2 m, a=0,55 mm, |SM|=|MP|?

Mexnay AByMs IIIOCKONAPAIICIbHBIMA CTEKIISSHHBIMU Pre. 30.7
IJIACTUHKAMHM TOJIOKUIIM OYeHb TOHKYIO IPOBOJIOUKY, PACIOJIOKEHHYIO MapaieIbHO
JIMHUY COTIPUKOCHOBEHUS IJIACTHHOK M HaXOJISIIYIOCS Ha paccTosiHuu |=75 Mum ot Hee.
B orpaxennom cBete (A=0,5 MKM) Ha BepXHE MJIACTUHKE BUIHbI UHTEP(EPEHIIMOHHBIE
nojocel. Omnpenenuth auamerp 0 IONEPEYHOTO0 CEYECHUS MPOBOJOYKH, €CIIM Ha
npoTsukeHUH a=30 MM HacUMTBIBaeTCsI M=16 CBETJIBIX IOJIOC.

C nomouipio TUPPaKIMOHHON pemmeTku ¢ nepuogoM d=20 MKM TpeOyeTcsi pa3penmTh
nyonet Hatpus (M=589,0 HM u A,=589,6 HM) B criekTpe BTOporo nopsiaka. [Ipu kakoit
HauMeHbIIeH amuHe | pemeTkn 3T0 BO3MOXHO?

Ha nmyTu yacTHYHO-TIOISIpU30BaHHOTO CBETA, CTENEHb MOJApU3aLuu P KOTOpOro paBHa
0,6, TOCTaBUJIM aHAIN3ATOP TAK, YTO HHTEHCUBHOCTH CBETA, MPOLIEAIIEr0 YEPE3 HETO,

»
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28.

29.

30.

31.

32.

33.

CTajla MakCUMaJIbHOW. BO CKOJIBKO pa3 yMEHBIIMTCS MHTEHCUBHOCTb CBETA, €CIU
IJIOCKOCTh MPOITYCKaHUsI aHAJIM3aTOpa MOBEPHYTH HA yroi o =30°?

B cniekTpe uznydeHus oraeHHoro mapa paguycom 100 M, BOZHUKAIOILETO IPH SIIEPHOM
B3pbIBE, MAKCUMYyM JHEPIHUM H3Iy4EHMs] INPUXOIUTCS Ha JUIMHY BOJIHBI 0,289 MKM.
KakxoBa Temneparypa mapa? Omnpenennrte MaKCUMalbHOE PACCTOSIHUE, HA KOTOPOM
OydyT BOCIUIAMEHATHCS JEpPEBSHHbIE MPEAMETbI, €CIM MX MOorJoulaTeabHas
criocoGHOCTs paBHa 0,7, a Temnora Bocmiamenenns 5 Jlx/cm?. Bpewms U3ITy4ECHUS
npuHATH paBHBM 1072c.

VYeauHeHHbI HIUHKOBBIM HIApUK PaJuycoM 1 cM HaXOOUTCs B BAKyyMe€ U JJIUTEIIBHOE
BpeMs OCBEMIACTCS YJIbTPa(UOJIETOBBIM HM3TydeHHEM C JUIMHOW BoOJHBI (0,25 MKM.
OnpenenuTs YMCI0 HEOCTAIOMINX 3JIEKTPOHOB B 00bEME LIapHKa.

®oron ¢ sHeprueit 0,28 M»sB B pe3ynbraTe paccesHus Ha MOKOUBIIEMCS CBOOOIHOM
JIEKTPOHE YMEHBIINI CBOIO PHepruto 10 133,7 kaB. Halitu uMmiynsc u HarpaBiieHHE
pacnpocTpaHeHHs 3JIEKTPOHA OTJIAuH.

Ilotok oHeprum @, u3IydaeMblil 3JeKTpudeckod sammnoi, paseH 600 Br. Ha
pacctossHuU I = 1 M OT Jammbl NEPHEHAMKYISPHO MaJAIOLIUM JTydyaM pacloj0KEHO
KpyTJioe IUIocKoe 3epkaiblie auamerpoM d=2cM. IIprHUMAs, YTO HU3ITyYCHHUE JIAMITBI
OJIMHAKOBO BO BCEX HAIPABJICHMSIX U YTO 3€PKAJIbIE MOJHOCTHIO OTPa)kaeT MaJaroIinit
Ha HETo CBET, OIPeJIeNINTh CUy F CBETOBOro /1aBjeHUs Ha 3epKajblie.

Ha ocnoBe Teopun aroma bopa HallTH UMIyJIbC AJIEKTpPOHA B aTOME BOJIOPOJA, €CIU
MHAYKIUS MarHUTHOTO TOJIsA, CO3/1aHHOTO UM B LIEHTpe OpOUTHI IIPU BpallleHUH, paBHA
0,39 Ta.

Bo ckoibko pa3 u3meHsercs 1eOpoiieBckas JUIMHA BOJIHBI 3JIEKTPOHA MPU Nepexoie
€ro B aroMe BOJOpPOJa W3 OCHOBHOTO JHEPreTHUYECKOTO COCTOSHUSI B IE€pBOE
BO30YXJIeHHOE?

W3 Tteopun bopa nis atoma Bogopoja CienyeT, 4TO CTAlMOHAPHBIMU JUIsSl DJIEKTPOHOB
aToMma SIBJIAIOTCS TaKue OpOMTHI, Ha JUIMHE KOTOPBIX YKJIAABIBACTCA 11EJI0€ YHCIIO UIUH
neOpoineBckux BoiH. Mcxoas w3 3TOro, HaWauTe YMUCIOBBIE 3HAYCHHS MOMEHTA
HMIIYJIbCa 3JIEKTPOHA B ATOME BOJIOPO/Ia Ha MEPBBIX TpeX OOPOBCKUX OpOUTAX.
OIEKTPOH B aTOME BOAOPOJA ONMCBHIBACTCS B OCHOBHOM COCTOSIHUM BOJHOBOM
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34.

35.

36.

37.

bynknuein y(r) = Ce™a OmnpeneanTs OTHOLICHHE BEPOSTHOCTEH M1/®; MpeObIBaHMS
aekTpoHa B chepuyeckux ciosx toiammaon Ar = 0,01 a u paguycamu r; = 0,5 a u
r=1,5a.

BonbHOMY BBEnM BHYTPUBEHHO PacTBOp 00beMoM 1 oM’ coJiep Kallluil UCKYyCCTBEHHBIM
Pagron30TOI HATPHsL ;Na akTUBHOCTHIO Ag=2000 ¢, AkruBHOCTB KpoBU 00BeMOM |
CMS, B35TOM 4epe3 5 4acoB, okazanach A =O,27c'1. HaiinuTe 06beM KpOBHU YEIOBEKA.
[Iepuon nonypacnaza UCIOJIb3yeMOI'0O U30TOIA paBeH 15 yac.

OHeprus cBs3u E., sapa, cocrosiero u3 JByX NPOTOHOB M OJHOIO HEHTPOHA, paBHA
7,72 MaB. Onpenenuts Maccy My HEUTPATBHOIO aTOMa, UMEIOLIETO 3TO AJIPO.

Bo ®panium HayaTo CTPOUTEIHCTBO MEXIYHAPOJHOIO TEPMOSIIEPHOIO PEAKTOpa, B
KOTOPOM MPEIIOJIAraeTcsi MOBOAUThH YIPABIAEMYIO PEAKIHUIO H? + ;H? B KOTOpPOH
oOpasyeTrcss M30TON TelIus U HEUTPOH. Kakyro momHOCT, OyJIeT MMETh TaKou
peaxkTop, eciii B HeM OyZIeT «BBITOpaTh» | MT TSHDKETOro BOJOPO/Ia B CEKYHAY?

Anbdpa yactuna c kuHeTnmueckod sHeprued K = 5,3 MbB B030yxmaer peakiuio
9Be((x,n)lzC, sHeprus kotopoit Q=5,7 M»B. HaliTu kuHeTHuecKyto SHEpIruio HeMTpoHa,
BBUIETEBIIIETO TOJI MPSMBIM YTJIOM K HAINlPaBJICHUIO IBUXKECHUSI O.-UACTHUIIBI.

Ilpumepnuie navopamopnvie padoomot:

1. TlpumeHeHHE 3aKOHOB COXPAHEHUS I OTPEIEIICHUsI CKOPOCTH TOJIeTa MyIu

2. OrmpeneneHue MOMEHTOB HWHEPIMH Tel C IMOMOIIBIO KPYTHJIHLHOTO MasTHHKA.
IIposepka Teopemsl LllTelinepa

3. HccnenoBanue BpamaTebHOTO JABW)KCHHS TBEPJIOTO Tellda BOKPYT HEIOIABMKHON

ocH

OrnpesenieHre XapakTepUCTHK 3aTyXaoMUX KoaeOaHni PU3NIecKoro MassTHIKA

OrnpezneneHre CKOPOCTH 3ByKa B BO3yX€ METOJOM CTOSYEH BOJIHBI

N3ydenune cTaTUCTUYECKUX 3aKOHOMEPHOCTEM

Omnpenenenne kodhUIMeHTa BI3KOCTH BO3AYyXa

Onpenenenne mokazarens aaunadarel metogoM Kiiemana u Jlesopma

HccnenoBanne W3MEHEHHUs TeMIepaTypbl B aauabaTUYecKoM Tpolecce |

onpenenenue kodhdurmenta [lyaccona

©oo~N kA
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[IpoBepka 3aKk0oHa BO3pACTaHUS SHTPOIIMU B HEPABHOBECHOM CUCTEME
DKCIEpUMEHTATIBHOE OINPEACIICHUE ra30BOM MOCTOSTHHOM

HccnenoBanue 351€KTPOCTaTUYECKOTO OIS C IOMOUIBIO 30H/1a

N3mepeHue 31eKTpOABUKYIIEH CHIIbl ICTOYHHKA TOKa

[llynTHpOoBaHUE MUILIIMAMIIEPMETPA

N3mepeHne €MKOCTEH METOIOM MOCTHKOBOM CXEMBl M pacyeT €MKOCTHBIX
CONPOTHUBIICHUH B LIETISIX IEPEMEHHOTO TOKA

W3ydyeHne pe3oHaHCa HANPSOHKEHUM M OINpeAeseHHEe HHIYKTUBHOCTH METOA0M
pe3oHaHca

Onpenenenre MHAYKTUBHOCTM  KaTyIIKM W MarHUTHOM  INPOHUILIAEMOCTHU
(beppoMarHuTHOrO TEIa

Omnpenenenue paaunyca KpUBU3HBI JUH3bI U MOJOCHI MPOMYCKAHUS CBETO(UIIBTPA C
nomouipto koserr Herorona

NuTtepdepomerpuueckre n3MepeHns Ha ocHOBe omnbiTa FOHra

OnpezneneHre reoMETpUUECKUX Pa3MepOB MU MoMoIu ournpusmsl Openens
Omnpenenenye AIMHbBI CBETOBOM BOJHBI U XapaKTEPUCTHK TU(PAKIIMOHHON peleTKH
OmnpeneneHne KOHLIEHTPALMU PACTBOPOB caxapa M IMOCTOSHHOM BpaleHUs
Nzyuenune BHemHero pororddexra u onpenenenne mocrossuuoi [lnanka
W3yuenne 3akoHOMepHOCTEH alb(ha-pacnaia

N3ydeHnue raMmma-creKkTpa pagioakTUBHOIO HCTOYHUKA

OnpeneneHne MakCUMAIbHOW dHEpruM OeTra-yacTuil ¥ UACHTUDUKAIIH
paZlM0aKTUBHBIX IIPENapaToB

0) Ilopsinok nmpoBeneHnst MPOMEKYTOYHOH ATTECTALMH, OKA3aTe/IH M KPUTEPUH OLICHUBAHMA:

IIpomexyrounas arrectanus no guciuIuiMHe «DH3MKa» BKIIOYACT TCOPETHYECKHE BOIPOCHI, IO3BOJIAIOIIME OLECHUTh YPOBEHb YCBOCHUS
00y4aroImuMHCs 3HaHUH, U IPAKTUYECKUE 33/1aHUs, BEIIBIIAIONINE CTENIEHb CHOPMUPOBAHHOCTH YMEHHM U BIIaJICHUH, POBOAUTCS B (pOpME IK3aMEHa.

DOK3aMeH 110 JaHHOW TUCLUIUIMHE IPOBOAUTCS B YCTHOW (pOpMeE MO IK3aMEHALMOHHBIM OnieTaM, KaX bl U3 KOTOPBIX BKIIIOYAET 2 TEOPETUYECKUX
BOIIPOCA U OJAHO IIPAKTHUUYECKOE 3a/1aHHUE.

IToxa3aTenu U KPUTEPUH OLCHUBAHUSA JK3aMEHA:




— Ha OLIGHKY «OTJMYHO» (5 6amioB) — oOy4yaroluiics EMOHCTPUPYET BBICOKHI ypOBEHb C(HOPMHUPOBAHHOCTH KOMIIETEHLIUN, BCECTOpOHHEE,
CHCTEMaTUYeCcKOoe U IIyOOKOe 3HaHHE Y4eOHOro MaTepuana, CBOOOIHO BBIMOJIHSACT MPAKTUYECKHUE 3a/1aHUs, CBOOOTHO ONEPUPYET 3HAHUSAMU, YMEHHUSIMH,
MPUMEHSIET UX B CUTYallUsSIX MOBBIIICHHON CII0)KHOCTH.

— Ha OIICHKY «Xopomio» (4 6ania) — 00yJaromuiicss IEMOHCTPUPYET CPEIHUHN yPOBEHB CHOPMUPOBAHHOCTH KOMIIETCHIIHIA: OCHOBHBIC 3HAHUS, YMECHUS
OCBOEHBI, HO JIOMYCKAIOTCS HE3HAYUTENIbHbBIE OIIHMOKHM, HETOUHOCTH, 3aTPYAHEHHS MPU aHATMTUYECKUX OMepalusixX, IepeHoce 3HaHUI U YMEHHUI Ha HOBBIE,
HECTAaHIAPTHHIC CUTYAIHH.

— Ha OLICHKY «Y/0BJIETBOPHUTEJBHO» (3 Oanna) — 00ydaromuics JeMOHCTPUPYET MOPOrOBbIi YPOBEHb C(HOPMUPOBAHHOCTH KOMIETEHIIHI: B X0/
KOHTPOJIBHBIX MEPONPHUATHHA IOMYCKAIOTCS OLIMOKH, TPOSIBIISETCS OTCYTCTBUE OTACIBHBIX 3HAHUM, YMEHUH, HAaBBIKOB, OOYYAIONIMICS HUCIIBITHIBACT
3HAYUTENbHBIC 3aTPYIHEHUS TPU ONIEPUPOBAHNUY 3HAHUSMU U YMEHUSIMU IIPU UX MEPEHOCE HAa HOBBIE CUTYAIIUH.

— Ha OLICHKY «HEYI0BJIETBOPUTEIbHO» (2 Oaiia) — oOyJaromuiicss AeMOHCTpUpyeT 3HaHus He Oonee 20% TeopeTHIecKoro Marepuaia, JOIMyCcKaeT
CYILIECTBEHHbBIE OIIUOKHU, HE MOXKET MTOKA3aTh UHTEIUIEKTya IbHbIe HABBIKU PEIICHHS POCTHIX 3a]1a4.

— Ha OIEHKY «HeYyI0BJeTBOPHUTEJbHO» (1 Oamr) — oOydaromuiics HE MOXKET IMOKa3aTh 3HAHMUS Ha YPOBHE BOCIPOU3BEACHHUS M OOBSICHEHUS
nH(pOopMaluY, HE MOXKET MOKa3aTh UHTEIUIEKTyalIbHble HABBIKU PELICHHS MPOCTHIX 3a/1a4.



