MPUTOXKEHME A
®OH/, OLLEHOYHbIX MATEPMANIOB A1 MPOMEXYTOYHOM ATTECTALMU
NO AUCLUNAUHE «du3nka»

1. lMepeyeHb oyeHOYHbIX cpedcme 049 KomnemeHyuli, popmupyemoix 8 pe3ysbmame 0ceoeHus
oucyunnuH.!

. Cnoco6
Kon koHTpO1HpYyeMOii KOMIIETEH T O1eHOYHOE CPEICTBO
OIleHVBAHUS
OIIK-1: CnocoGen pemiate 3a1auu
npohecCHOHATBLHOM e TeIbHOCTH HA OCHOBE Kommuiexkt
HCIIOJIB30BaHUS TCOPETHUCCKUX U Dx3aMen KOHTPOJHUPYIOIIHUX
NPaKTUYECKUX OCHOB €CTECTBEHHBIX U MaTepUAIIOB IS
TCXHUYCCKHX HAYK, a4 TAKIKC MAaTCMAaTHUYCCKOI'O J9K3aMC€Ha
amnmapara

2. OnucaHue nokazamesneili U Kpumepuee OUEHUBAHUA KomnemeHyuli, onucaHue wkKan
oyeHusaHus

OueHvBaemble KOMMNETEHUUM nNpencTaBneHbl B pa3gene «llepeyeHb NAaHUPYEMbIX
pe3ybTaToB 06y4eHUA NO AUCLUNANHE, COOTHECEHHDbIX C MHAMKATOPAMM AOCTUMNKEHUA KOMNETEHLU MM
» pabouyeit nporpammbl AUCLMNANHDBI «PU3MKa».

Mpn oueHMBaHUM CPOPMMPOBAHHOCTM  KOMMETEHUMM NO  AucumnianHe  «Pusmnka»
ncnonbsyetca 100-6annbHas WKana.

Kpurepmnii Ouenka mo 100- Ouenka nmo
0aJUIBHOM HIKaJe | TPAAUIMOHHOM IIKaJje
CryzneHT ocBOMI U3y4YaeMblid MaTEpHa 75-100 Omauuno

(OCHOBHOM U AOMOJIHUTENBHBIN ), CHCTEMHO
Y TPaMOTHO M3JIaracT €ro, OCyIeCTBISAET
IIOJIHOE Y IPABUJIBHOE BBIITOJTHEHUE
3a/laHui B COOTBETCTBUM C MHANKATOPaMU
JOCTIDKEHUS] KOMIIETEHIIUH, crioco0eH
OTBETUTH HA JIONOJHUTEIIBHBIE BOIIPOCHI.

CryzneHT ocBOWJI U3y4yaeMblii MaTepual, 50-74 Xopowio
OCYIIECTBIISICT BHIMOJHEHUE 3aJaHUI B
COOTBETCTBUH C UHINKATOPAMH
JOCTHKEHUSI KOMITCTSHIHH C
HETPUHIMITHAIGHBIMA OITHOKaMHU.

CTyneHT 1eMOHCTPUPYET OCBOEHHUE TOJBKO 25-49 Yooenemeopumenvro
OCHOBHOI'O MaTt€puaja, Mnpu BBIIMIOJIHCHUN
3a/laHui B COOTBETCTBHH C HHAUKATOPaAMU
JOCTUXKCHUS KOMHCTCHHI/Iﬁ A0IMyCKaeT
OTJIeTbHBIE OLTUOKH, HEe CIIOCOOEH
CUCTCMATU3UPOBATb MATCPHAIT U ACTIATh
BBIBOJIbI.

CryneHT HE OCBOMII OCHOBHOE COJICPIKaHUE <25 Heyoosnemseopumenvro
M3y4aeMoro MaTepuaa, 3a1aHusl B
COOTBECTCTBUH C MHAUKATOpaMU
JIOCTH>KEHHS] KOMIIETEHIIMI HE BBITIOJIHEHbI




‘ HWJIW BBITOJHCHBI HCBEPHO. |

3. Tunosblie KOHMPObHbLIE 3a0aHUA UAU UHble mamepuasnsl, Heobxodumole 014 OYeHKU YPOBHA
docmuxceHua KomnemeHyuli 8 coomeemcmeuu ¢ UHOUKamopamu

1.3a0a4u Ha npumMeHeHuUe coomeemcmeyrwezo mamemamu4ecKko2o arnnapama

KomneTteHuunsa UHpMKaTOop AOCTUKEHUA KOMNETEHLUN
OMK-1 CnocobeH pewatb 3agaum npodeccnmoHanbHon | OMK-1.1  PewaeT 3agaum C  NPUMEHEHUEM
0eATeIbHOCTH Ha ocHoBe MCMNOJ/Ib30BaHMA | MaTEMATMYeCKOro annapara

TEOPETUYECKUX N NPAKTUHECKUX OCHOB €CTECTBEHHbIX U
TeXHUYECKMX HayYK, a TaKXXe maTeMaTU4eCKoro annaparta

HpHMEHﬂﬂ COUTBE’I‘CTBleI.UHﬁ MaTeMaTHYeCcKHil almnapar, peliuThb 3a1a4d Ha CJIeAYIOUHE TEMbI:

KwneMaTHka mocTynaTenbHOTO U BPalIaTENbHOTO JBHUKEHHA.

JluHaMuKa mocTynaTeasHoro ApKeHHs. CHIBI B MEXaHHKE,

JlnHaMHUKa BpalaTe/IbHOTO ABUAKEHHSA TBEPAOTO TENA.

3aKOHBI COXPAHEHHS SPHEPTHH, HMITYIbCAa, MOMEHTA HMITYIIbCA.

Tepmoannamuka. 3akods! TepmoguHaMuki. [{uknel. KITJ] TenmnoBeix apurarenei.
DNEeKTPOCTATHYECKOE MOJIE B BAKYYME.

R

[Tocrosinubiit asexrpuueckuil Tok. Pabora u mowmuocres 2JiekTpuueckoro Toka. 3akod Jwoyisi-
Jlenua. Ilpasuna Kupxroda.

DNeKTpOMarHuTHas HHAYKIUS. CaMOMHIYKIHS.
9. Cao0OoaHEIe, 3aTyXaKOMINE H BEIHYKICHHEIE KoneGaHns. DIeKTPOMArHHTHBIE BOJTHEL

=



1.4.

1.5.

2.

j—

2.2

2.3.

2.4

2.5.

1. KunemaTnka nmoc I'VHATEJBLHOI'0 H BPAIATEJBHOT'0 JIBHKEHHH

JIBKeHHe MaTepHaIbHOIl TOUKH ONMHChIBAETCS ypaBHeHHeM F (1) = 4 —1)i +(1=5¢2)] + 31k . On €/IENNTh, BIOIb
P Yp ./ p

KaKHX ocell OHO ABIseTCA PABHO3aMEICHHBIM.

YTrnoBoe mepeMenicHHE Tella MEHACTCA C TEUCHHEM BPEMEHH t MO 3aKOHY q)=(2t2-2t+5) (pax). OnpenenuTs yraoBoe
YCKOPCHHE TCJIA.

Trepnoe Te0 HauUMHAET BPAIIATHCA BOKPYT OCH Z € YITIOBOH CKOPOCTBIO, MPOEKLHSA KOTOPOH H3IMEHAETCS BO BPEMEHH,
KakK MokasaHo Ha rpaduke. Onpenenuts, B Kakoif MOMEHT BPEMEHH YTON MOBOPOTa Tela OTHOCHTENBHO HAa4YanbHOTO
nonokeHusa 0yaeT HandOIBIITHM.
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B HavanbHEIIE MOMEHT BpPEMEHH Teno HAXOAMNOCE B Havane KOOpJHHAT M Hauamno JBH:KeHHE ¢ MepeMeHHOH CKOpOCThIO,
rpadiK 3aBHCHMOCTH TIPOCKIHH KOTOPOii OT BpeMeHH, H300paKeH Ha pucyHke. OnpeaenanTe, B KAKOH MOMCHT BPEMCHH

MAHHOE TN HAXOIUIOCk Ha HAHOOIBIEM PACCTOSHIM OT CBOETO HAYAIRHOTO TOTOKEHMA.
sVxiMm/c

1 2 () 4 E tic

Teno, umeroniee Ha4yalbHYK) CKOpPOCTh 3 m/c, HAaYMHACT IBUTATLCS C VYCKOPCHHCM, KOTOPOC H3MCHACTCA ¢ TCHCHHCM
BpPEMCHH TaK, KakK IIOKa3aHO Ha pHUCYHKE.

. el

Onpenenurs NPOEKLHIO CKOPOCTH (B M/c) uepes 4 .

2. ,[[nuammca HOCTYNATe/JIbHOI0 IBHKEHHH. CHJIbl B MEXaHHKE

Ha pucynke npuBeicH rpaduk 3aBHCHMOCTH CHibl, AcHcTBywoueil Ha Teno, or BpeMeHH. OnpefenuTs H3MEHEHHE
HMIY/ILCA TEIA 33 NEPBEIC 3 CCKYHIbI JBUKCHHS.

FH

50
40
30
20
10

0 1 2 3 4 5 6 tLe
Temo  maccoit 10 Kr moa  fAelicTBHEM  CHABI  YOPYTOCTH — HM3MCHSCT  CBOK  KOODAMHATY MO
3akony: x=12+3t+2t? (m). Onpenennts Ko>HIMEHT TpeHNs, ecnn kecTkocTh npyxuuael 60 kH/m, a aGcomoTHoe
YIUIMHEHHE [IPYKHHBL 1 MM.
[loTeHUMANEHAS IHEPIUA YACTHLEL 3anaeTcs PyHKumed [f = 5x? +7y2 —37%. Oupenenurs, yeMy paBHa KOMIIOHEHTA

F_ BekTOpa cuibl, ACHCTBYIOIICH Ha dacTHLy, B TOuke A(3,1,2).

Teno maccoii 8 kr GpomieHO BEepTHRANBHO BBEPX, MPH 3TOM €r0 KOOPAHHATA C TCUCHHCM BPEMCHH H3MCHACTCA IO
3aKoHy: y=6t-4t* (M) OnpeenuTs KNHETHUECKYHO SHEPTHIO Tea Yepes CeKYH/Iy MOC/e Hauana JIBHKEHNS,

[llapmk, TPUKpPENICHHBIA K MPY/KHHE 1 HACAKEHHBIH HAa TOPH30HTANRHYH) HAMPARIAKOILYH), COBEPINAET rapMOHHYECKHE
konebanua. Ha rpaduxe mnocTpoeHa 3aBMCHMOCTE MPOEKLUHHM CHIBL YOPYTOCTH TIPY/KHHEI Ha MONOKHTENLHOE
HANpaBJICHHC OCH Xor KOOPAHHATEI IIAPHKA.



3.5.

4.1.

4.2.

4.3.

4.4.

4.5.

H—Q

7.

Onpenaenuts paboTy cuibl ynpyrocTh (B k) Ha sranc O-A-B.
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3. JdMHaMHMKaA BpAIIATEILHOT0 ABHKEHHS TBEPI0ro Tejia

MOMEHT UMIY/Ibca Tela H3MeHseTcs mo 3akony L=2t-4t+8 (CH). OnpeaenuTh BpeMs, 33 KOTOPOE MOMEHT BHEIIHHX
CIJI CTAaHET PaBHBIM HYJIIO.
MOMEHT BHEIIHHX CHI, ACHCTBYIOLIMX HA Telo, W3MeHseTcs mo 3akony M=2+t+4t* (CH). Onpeieqnts H3MeHEHHE
MOMEHTa HMITY/IbCA TeJTd 3a mepebie 2 C.
BenudaiHa MOMEHTA HMITYJIbCA TE/a M3MEHACTCA ¢ TEUSHHEeM BpeMeHH mo 3akony L= 2t + 7t — 5 (B equmnuax CH).
OnpeennTh MOMEHT HHEPLINH TEITd, €CIIN B MOMEHT BPEMEHH 2 ¢ YITIOBOE yCKOPEHNE COCTaRmseT 3 €2,
Ha pucyHKke mpeactaneH rpadHK 3aBHCHMOCTH TMPOCKIIHH BPAIIATEIBHOTO MOMEHTA CHIBI, ACHCTBYOMICH Ha Temo, oT
yraa moropota. Yemy parHa paboTa ¢, ASHCTRYIOIIMX HA TeI0, MPH MOROpoTe ero Ha yron 10 pan?
M4 Hu
4
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Ha rpaduke npueeacHa 3aBUCHMMOCTB HNPOCKLUMM MOMCHTA CHULL, ACHCTBYROWICH Ha Teno, or Bpemenu. Onpeaenuts,

Kakoil MOMEHT MMIy/Jbca OyIET MMETh TEIO K KOHUY YCTBEPTOH CCKYH/bl [BHKCHHA, CCIHM B HadajlbHBIH MOMCHT
BPEMCHH TEJIO MOKOUIIOCH.

M:aHu
4
0
1 2
) FOT MR it 5E

4. 3aKoHbl COXpAHEHHH JHEPIHH, HMITYJ/IBLCA, MOMEHTA HMIIYJILCA

JlBa Tema, MacchHl KOTOPhIX 8 KT M 1 KT, H3MEHAIOT CBOH KOOpPAMHATHI MO 3aKoHam: x; =7+2t (M), x; =-8+20t (M).
Onpenenurh CKOPOCTh ITHX TeJ Hocje abcoM0THO HEYIPYToro yapa.

Teno maccoii 200 r ABHraeTcs ¢ MEPEMEHHBIM YCKOPCHHEM, KOTOPOE H3MEHSETCS ¢ TEUCHHEM BPEMEHH TaK, Kak
MOKa3aHo Ha pucyHke. ONpeenuTh BEMHYHHY MPOSKIHMH M3MEHCHMS MMIYIBCA 3TOr0 Telda 3a mepBbie 15 ¢ cBoero
JIBH/KEHHA.

agmfc?

o 5 10 15 Le
Jlpa Tena Macchl, KOTOPBIX My=2 KT H My=1 Kr, W3IMEHAIOT CBOH KOOPJHHATHI ¢ TeUeHHEM BPEMEHH TaK, Kak Moka3aHo Ha

PHCYHEKE, Ol'Ipe,HEJIPITb HX CKOPOCTH ITOCTIC abcomOTHO HCYIIPYTOTO Yaapa.
XM

1 2
Teno maccoii 8 xr GpomreHO BEPTHKAIBHO BBEPX, MPH 3TOM €ro KOOPAHHATA C TEYEHHEM BPEMEHHM H3MEHACTCA MO
sarony: y=6t-4t* (M) Onpesie/uTh KHHETHYECKYIO JHEPIHIO TEJa YePes CeKyH Ly N0C/Ie Havaa JBHKEHHS.

Ha noxosimeecs Teno mMaccoif 2 Kr, HAYMHACT JeHCTBOBATh CHIA, MPOSKIHA KOTOPOH M3MEHSETCS ¢ TeYCHHEM BPEMCHH
TaK, KaK [OKa3aHOo Ha pucyHKe. OnpenenuTs KHHETHYECKYIO JHEPTHIO 3TOI0 TENd B KOHUE BOCBMOI! CCKYH/IBL.

3
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5. Tepmoaunamuka. 3akonbl TepmoguHaMuki. Hukasl. KIL TennoBeix aBurareseii
5.1. Ha (p, V) — muarpamme u3oGpayceHpl ABa HHKIHYECKHX MpoLecca.
P
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Onpeaenute oTHOWEHHE padoT A; /Ay , COBEPLICHHBIX B 3THX LIHKIAX.

5.2. Ha pHcyHke nokasaH KpyroBoi npouece, copepiuaeMsblii Hajl naeanbHbIM ra3oM NOCTOAHHOH Maccesl. Onpeaenuts padboTy
rasa Ha y4actke 3-1.
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5.3. Hekotopas Macca HICaILHOTO ra3a, H3MEHAET CBOE JaBlcHHE 110 3akoHy P=u-BV, rae o=const, f=1 Ila/m .OnpeneinTs
padoTy BHEIMIHUX CHII NPH U3MeHeHHH napinenus ot 4 klla no 2 klla.

5.4. Ha pucyHkax mnokasaHbl NPOLECCHl, NPOBEAEHHBIE HAJ WAealbHBIM ra3oM. ONpeieinTh, HA CKOJBKO KHIIOKOYIEH
KOJIMYCCTBO TEIUIOTHI HAJl IPOLIECCoM, H300pamEHHBIM Ha prC. |, 0TIHYacTCs 0T KOJMHYECTBOM TCIUIOTEHI Ha pHC.2.
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5.5. Ha pucynkax n300paKeHs! HHKIEL HAJl OJHOATOMHBIM HACANBHBIM Ia30M B KOJHYECTBE OJHOIO MO (HA4AIO MTPOLECCORB
B Touke A.) Onpenenuts otHomeHue KIT/ nukinos n,/m;.
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6. DaexkTpocTaTHYecKoe Nojie B BaKyyMe

6.1. B HekoTopoii TOYKE MPOCTPAHCTBA CO3AHO HICKTPHYECKOC MOJE, 3aBMCUMOCTL MOTCHLHMANA KOTOPOIO OT ACKapTOBOIi
KOOPIWHATEL J OIHCBIBACTCA YPABHCHHEM (p(y)=7yz+ll]y—8, B. Onpenenuts Hanps:KEHHOCThL 3MCKTPHYECKOrO MOIA B
TO4KE y= 2.

6.2. BennunHa 3apsaia MaJCHBKOIO IIAPHKA HENPCPEIBHO H3MCHACTCA NPH JBIKCHUH €T0 B MJICKTpHYcckoM none. Henonssys

HH(OPMALIHIO NPHBEICHHYIO HAa PHCYHKE, OIPENEIHTh KaKyl paboTy HeoOXOIUMO COBEPLIHTh, 4TOOBI IEPEMECTHTEH
ITOT 3apsi/l U3 TOUKH A B Touky B.
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6.3. Ha pucyHke mpejcTaBieHa 3aBHCHMOCTB 3apsjia IIApHKa ABIAKYylIerocs B ciaabo MpoBojsieil cpeie OT pa3sHOCTH
noteHiHanos, OnpesenuTs H3MEHeHHe KHHeTHYECKOH YHePruy STOr0 HIAPHKA K MOMEHTY BPeMeHH, KOT/Ia OH MpoJieTen
YCKOPAKLIYI pazHOCTb NoTeHUKanoR 5 KB.

U xB

6.4. HanpskeHHOCTh JIEKTPHYECKOTO IOJsA M3MEHASTCA C DAcCTOSAHHEM Tak, Kak I0Ka3aHo Ha pucyHke. Onpelnendthb
Pa3sHOCTD MOTEHLIHATIOB MeXIY TOYKAMH, OTCTOSIINMH OPYT OT APYra HA PACCTOAHHH 8 M, B KOTOPBIX HANPSKEHHOCTD
paBHa 3 B/M u 6 B/m.

0 7 3 XM
6.5. ManeHsku# mwapuk, 3apsaa kotoporo 5 MK, HaX0IUTCS B JIEKTPHYECKOM M0JIE, HAMPSKEHHOCTh KOTOPOro H3MEHAETCH ¢

TCUCHHUEM BPEMCHH TaK, KaK II0Ka3zaHo Ha pucyHke. Onpenenyrs, Kakoi umnyisc npuodpereT WApHK Nnoj aciicTBreM
CHJIBI, ICHCTRYIOIIEH HA HErO CO CTOPOHBI 1014, Yepes 2 c.

t.c

7. TlocTosinnblii xnekTpuyeckuii Tok. Pabora u MonHocTh diekTpuyeckoro Toka. 3akon ixkoynsi-Jlenna.
Ipasuia Kupxrodga

7.1. Ha PHCYHKE MOKa3aHa 3aBHCHMOCTE CHJIBI TOKA B BHGKTPHWECKOﬁ LEMH OT BPECMEHH. Orlpene:m”rb 3apan, l'lpD[]Ie,."[lHPlﬁ o

HPOBOJHUKY B HHTepBane BpeMeHH ot 0 1o 10 c.
1 mA
0L

o 5 10 15 20 &°
7.2. Ha pucyHke nokasaHa 3aBHCHMOCTB CHIIBI TOKa OT HANPSDKCHUS HA HEKOTOPOM pesHcTope. OnpeaeiauTh BblICIHBIIYIOCH

MOIIHOCTE Ha 3TOM PE3UCTOPEC NMPH YBCIIHYCHHH HANPAMCHHA OT 0 1o 6 Bonet.
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7.3, Cuna TOKa B NPOBOJHHKE PABHOMEPHO yBeauduBaercsa 0T [¢=0 10 HEeKOTOPOro MaKCHMAIbHOIO 3HAYECHHSA B TEYCHHE
Bpemenn 10 c. 3a 3To BpeMss B MNPOBOJHHKE BBIIEIHIOCH KONHYECTBO TemnoTel 2 kL. OmpenenuTs CKOpocTh

5




7.4.

7.5.

8.1.

8.2

8.3.

8.4.

8.5.

9.1.

9.2

9.3.

9.4.

9.5.

HAPACTaHNs TOKA B IPOBOJIHHKE, €CJIM €r0 CONPOTHBICHHE paBHO 3 Owm.
Tlo npoBoay conpotusienneM R=1 Om Teuer nepemMeHHblil anexkrpudeckuid Tok. Cuila TOKa M3MEHSETCS 10 3aKOHY
3
I=A4 L ,rme A=1 A, r=1 c¢. Onpeaenurs KOMHYECTBO TCIUIOTH, BBLACIHBLICECH B POBOJIC 32 IIPOMEIKYTOK
2T
Bpemenu t=2 c.

Cua ToKa Ha pe3ucTope paBHOMEPHO BospacTtaer oT Hys Jio 2 A 3a 4 ¢. OnpeaenuTs BeIHUHHY 3apsijia, Npoluemero
yepes NonepevHoe CeYeHHE PE3ICTOpa 3a ITO BPeMs.

8. DaexkrpomarHuTHas HHAYKOHA. CaMOHHAYKIMSA

IMpoeosiinas paMKka BPAIIACTCH ¢ MOCTOAHHOW YINIOBOH CKOPOCTBIO B OJHOPOJHOM MATHHTHOM MOJIE BOKPYT OCH,
JIeKaLIeH B IUIOCKOCTH PAMKH M IEPICHIHKYJIAPHOH BekTopy Huaykuud B (cm. puc.). Ha pucyHke Taike npeacrasien
rpapHK 3aBUCHMOCTH OT BPEMEHH I0TOKA BEKTOPA MArHHTHOH WHIYKIMH, NPOHH3BIBAIOLIET0 pamMKy. MakcuMalbHoe

3HAYCHUC MArHUTHOTO moToka 2 MBO. [Tony4nts 3akon usmeHenus DJC MHIYKIHH CO BpEMEHEM.
@

ez WA
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1 0 2] 4 \6 Ic
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— 1
aE N
Cuiia TOKa B NPOBOJALEM KPYTOBOM KOHTYpe HHAYKTHBHOCTBIO 100 MI'H W3MeHseTes ¢ TeyeHHeM BPeMeHH 110 3aKOHY

I= (3 —0,113) (B emmanuax CH) n HanpapneHa Kak TMoKazaHoO Ha pucyHKe. Onpenenuts abcomoThyio rennuuny DJIC

CAMOHMHAYKIHH B MOMEHT BPEMEHH 2cm HarnpapJeHHe HHAYKIIHOHHOI'O TOKAa.

I

MarHuTHEIH TOTOK Yepe3 KOHTYP € COMPOTHBICHHEM, pPaBHEIM 5 OM, MeHseTCA Tak, Kak MOKa3aHO Ha Tpaduke.
OnpenenuTs HHAYKIIMOHHEIH TOK B MOMEHT BpeMeHH, paeHsiii 10 c.
&, B6
6
s N TI
: ]
MK N1 % | 207c
-2
-4
-6
3aMKHYTas HAKOPOTKO Karywka auamerpom 10 cM, umeromas 100 BUTKOB, HAXOANTCA B MATHHUTHOM MHOJIE, HHIYKLHA
koroporo yeenuuueaerca ot 2 Tn no 8 Tn B teuenne 0,1 c. IlnockocTs BUTKOB NEPHEHAUKYIAPHA CHIIOBBIM JIHHHAM
nosis. Onpeienuts cpejnee 3Hadende IJ1C HHIYKIIHH B KATYIIIKE.

B karymke uHaykrueHocTH Bo3HukaeT DJ|C camoungykiun, pasHas 10 B, npu papHOMepHOM yBeIH4YEHHH TOKA OT 4
10 20 A 3a 0,2 c. OnpeaenuTs HHIYKTHBHOCTE KATYIIKH.

9. Csoboanbie, 3aTyXa0IHe H BLINYAIEHIbIC KoJIeOanusi. JIeKTPOMATTHTHBIC BOJIHBI

YpaeHeHue rapmoHudeckux koneODaHuil martepuaneHoi Touku y=0,2sinSt (8 CH). Onpenenute MakCHMalbHOE
YCKOpeHHE Konebaomencs TOUKH.

. t
Ilapuk maccoii 5 r xonebuercs no sakony Xx =0,04sin| 27 ? + 0,5 |. m. Tleproa xonebanuii 4 c. Onpeneants

MAKCHMAIILHOE 3HAYCHHE CHIIbI, ,.LleﬁC'l‘Blel.l.lEﬁ Ha HIAPHK.

B uacansaoM konedaTebHOM KOHTYPE 3apsiji HA KOHJCHCATOPE M3MEHseTC 110 3akony g= -2coswt, K. Onpenennts
AMINTMTYY CHIIBI TOKA B 3TOM KOHTYPE.

YpaBHeHHE IUIOCKOH CHHYCOMIANBHOH BONHBI, pacnpocTpaHsioleiica Baoae ocH OX co CKOPOCTHIO, HMEET BHI

E=0,3sin (1031‘—.\:) , M. OnpeaeniTs MoAYIb MAKCHMAJILHOTO YCKOPEHHS 9aCTHL CPE/IbL.

B uaeansHOM KoneGaTEIBHOM KOHTYPE CHJIAa TOKAa HM3MEHAETCA MO 3akoHy [=3sinat, MA. Omnpenenutes aMIUIHTYAY
3apsA/a Ha KOH/EHcaTope.



2.3a0a4u Ha NpuMeHeHUe meopemu4YecKux U MPAaKmMu4eckKux 0CHO8 (hu3UKU

KomneTteHuusa UHpMKaTop AOCTUKEHUA KOMNETEHLUN
OMNK-1 CnocobeH peluatb 3aga4m npodeccrmoHanbHon | OMK-1.2 MpumeHaet TeopeTnyeckue 7
[eATeNbHOCTU Ha ocHoBe MCMNO/Ib30BaHMA | MPAKTUYECKME OCHOBbI ECTECTBEHHbIX U TEXHUYECKUX

TEOPETUYECKUX N NPAKTUYHECKUX OCHOB €CTeCTBEHHbIX U | HAYK AONA peweHna 3a4a4y HpOd)ECCMOHaﬂbHOVI
TEXHUYECKUX HAYK, a TaKXKe MaTemMaTn4yeCKoro annaparta | AeATe/IbHOCTU

HpHMEHﬂﬂ TEeOpPEeTHUYCCKHE 3HAHHUA H METO/IHKY pPCIICHHS NMPAKTHYECKHX 3a1aY Mo JTHCHHILJIHHE
PCIIUTH 3a1a41 HA CJIEAYHIHE TEMbI:

KuHeMaTnka nocTynareinbHoro v BpalareibHoro JABUKEeHH.
JlMHaMuKa NOCTyNnaTeIpHOTO ABMKEHUS. CHIIBI B MEXaHHKE.
JliHaMKKa BpalaTenpHOro JIBHAKECHHA TBEPAOIO TENA.
3aKOHBI COXPAHEHHUS YHEPTHH, HMITYJIbCA, MOMEHTA HMITYIILCA.

b

MoneKkynsipHO-KMHETHYCCKAS TCOPHS HICANBHBIX Ta30B. YPABHCHUC COCTOSHHS MJICANBHOTO rasa.
331{01{ MakcgBeina o pacrpeeieHHH MOJIEKYIT UIeaIbHOrO ra3a Mo CKOPOCTSIM.
6. TepmoauHamuka. 3akoHbl TepMoaHHaMHUKH. [ukiel. KITJ[ TennoBbIX ABHTATENEH.

7. Onekrpocrarudyeckoe mone B Bakyyme. llpuHimn cyneprnosummu. Teopema [Taycca ams
IMEKTPOCTATHYECKOTO IO B BAKYYME.

8. JIMPNEeKTpHKH H NMPOBOJAHHKH B JIEKTPUYECKOM I0JIe. DHEPIUs DJIeKTPOCTATHUECKOTO MOJIs.

9. [TlocrosuHblil snexTpuueckuii Tok. PaboTa M MOIIHOCTBL JIEKTPHUECKOr0 TOKa. 3axoH Jlkoyns-
Jlenna. Tpasuna Kupxroda.

10. MarnutHoe mone B Bakyyme. [IpHHIIMI cyneprno3duud MarHUTHBIX nosei. Cuna JlopeHua 1 cuna
Awmnepa. Teopema ["aycca 11 MarHUTHOTO TOJS B BAKYYME.

11. MareuTHOE mose B BEIECTRE. JAEKTPOMarHuTHas HHIYKIH, CaMOMHIYKITHS., DHEPrius MarHHTHOTO
MOJIA.

12. Teopus Maxkceemia ans  anekrpomarsuTHoro mnoms. Cucrema ypaBHeHuiih Maxceenna B
HHTErpanbHoil U quddepenHanbHoi opMe.

13. CBoOonHble, 3aTyXawllue U BBIHYKIACHHbIC KOICOAHUA. DIICKTPOMArHUTHBIE BOIIHBI. JHEPrus M
HUMITYJIBC 3NEKTPOMArHuTHOTO nouis. Bektop YMosa-TloliHTHHTA.

14. Untepdepentna u qudpakius cBeToBEIX BOSTH. Judpakiimonnas pemerka.

15. llonapuzanma ceera. 3akoH Mamoca. 3akoH bproctepa. [lornomenne M AMCIEpCHA BOJH.
HopmansHas 1 aHOManbHas AUCIEPCHS.

16. KpanToBasi cBOHCTBA DIIEKTPOMArHMTHOTO H3/Iy4eHHs. 3aKOHEI TEIIOBOro Himydenus. Qotonddexr.
doronsl. JlaBnenue ceera. D dext Komrona.

17. DneMeHTHI aTOMHON (H3MKH W KBaHTOBOH Mexawuku. IToctymatel Bopa. T'mnoreza me Bpoiins.
[IpuHimn HeompeaeneHHocTH. YpasHenune [lpegwnrepa. BomHoBas ¢(yHKIMSA, M ee CTaTHCTHYECKOE
tonkoBaHue. [IpaBuna orbopa A KBAHTOBBIX NMEPEXOI0B.

18. DnemeHTHI AnepHOI (PH3HKH: COCTAB M XAPAKTEPUCTUKM aTOMHOTO sAapa. Buabl pammoakTHBHOrO
H3ITy4eHus. SiepHble peakiii. JneMeHTapHble YacTHLbI. THIIBI B3aUMOJIEHCTBUS.
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4.1.

1. Kunemaruka MOCTYNATEJILHOI'0 H BPAIIATEJILHOI'0 IBHKEHHH

Touxka M ABHIKETCA MO COHPAaIH C MOCTOAHHOH MO BeJHYHHE CKOPOCTBH) B HAMpaBJICHHH, YKa3aHHOM CTPBJ'IKDﬁ.
Onpene:m"n,, KaK H3MCHACTCA BEJIMMHHA HOPMAIIBHOI0 YCKOPEHHA H TAHTCHIHANEHOT O YCKOPCHHA.

M

Tenio GpOMIEHO ¢ MOBEPXHOCTH 3eMIH co ckopocThio 10 m/c on yriom 45" k ropusonTy. OnpeienuTs paauyc KpHEH3HEI
TpaeKTOpuH B BepXHeii Touke. ConpoTHBIEHHEM BO31yXa peHedpeys.

Touka TBIOKETCA MO OKPYKHOCTH COTACHO YPaBHEHHIO G=5t° (pan). HopMansHOE YCKOPEHHE TOUKH B MOMEHT BPEMEHH
t=4 ¢ paeHo 36 m/c?, Onpeaenuts pajnyc OKpyKHOCTH.

Bentunatop Bpawaercs ¢ 9actotoil 900 06/muH. [Tocne BEIKIOUEHHS BEHTHUIIATOP, BpallasCk PABHO3AMEAICHHO, Cenal
1o octanoBku 100 obopotos. OnpefenuTs BpeMs, KOTOPOE MPOLUIO ¢ MOMEHTA BBIKJIIOUCHHS! BEHTHIATOPA A0 MOJHOI
OCTAHOBKH.

BepronieT Hauan CHIKATHCS BEPTHKANBHO ¢ yckopenueM 0,2 m/c’. ONpeme/imTh 9HCciIo 0GOPOTOB JIOTACTH 3a BPEMS
cuHeHHs BepTosieta Ha 40 M, eciau yactora Bpamenus nonactei 300 I'o.

2. Jnnamuka MOCTYNATEJIbHOI0 IBHKEHHHA. Cuiibl B MEXaHHKE

Ha ropusonTansHoM nony ctout smuk Maccod 10 kr. KoddduunenT TpeHHs CKONBKEHHS MENIY MOJOM H SIHKOM
pasen 0,25. K sSmuky B ropH30HTAIBHOM HanpaslieHHH OpuKIaapiBaioT city 30 H. Onpenenurs yekopeHHe ALIHKA.
Yepes HepecoMblii 010K NepeKHHYTa HEBECOMas HHTh. K KOHIAM HHTH NpHUBA3aHLl ABa Ipy3a. Macca nepsoro rpysa 4 kr,
Mmacca BToporo rpysa — 1 kr. OnpejennTs yCKopeHHe TPy30B.

YeTslpe mapuka pacroioikeHsl BAONL NpsMoii. Macchl mapikos cieBa Hanpaso: 2 1, 1 T, 4 1, 3 1. PaccTosHus Mexmy
cocelHHMH mapukamu 1o 20 cm. OnpeaeinTs NOJI0KEHHE LEHTPa Macc CHCTEMBL.

JlvHaMoMeTp ¢ rpy30M, 3aKpenIeHHbIH Ha MOTOJKE HEMOJABHKHOTO AH(Ta, MOKA3bIBACT 3HAYCHHE CHIIbI THAKCCTH IPYy3a,
paenoe 14 H. Onpeaenuts Bec Tena B indre, ABMKYILEMCA PABHOYCKOPEHHO BHH3 € YCKOPEHUEM 2 m/c?,

B arrpakumone uenoek Maccoil 50 Kr gBHiKeTCS HAa TEICKKE [0 PElbCaM M COBCPLIACT «MCPTBYK» ICTHIO B
BEPTHKANLHON MJIOCKOCTH 10 KPYrOBOH TPAaeKTOPHH paguycoM 6 M. OnpenenuTh CHIY JaBICHHS YEOBEKA HA CHACHHE
TENEXKKU ITPU CKOPOCTH MPOXOMKICHNSE HIIKHEH TOUKH 36 kM/4.

3. JMHAaMHKa BpPalATEJIbHOI0 IBHKEHHS TBEPA0Io TeJia

Jucky npuaany yrioBoe yckopeHue, npuaoxus cuny 10 H mo xacarenbHoii k 0601y nucka Ha paccTosHuH 10 cM oT ocH
ppamenus B teuenne 0,4 ¢, OnpenenuTs, Ha CKONBKO YBETHUHICS MOMEHT HMITYIIBCA THCKA,
JIMCK HaYMHAET BpalIaThCA MO/ ACHCTEMEM MOMEHTA CHII, rpadMK BpeMEHHOH 3aBHCHMOCTH KOTOPOTO TPEICTABJICH Ha
PHCYHKE. H.’;Oﬁpa.’mn: TpaprK, TNpPaBHIBHO OTpa'}Ka}O[[lHﬁ JABHCHMOCTE yT,'IOBOIlj CKOPOCTH JHCKA OT BPEMCHH.

M

ty: i

[lpH BEICTPENE OPYIHS CHAPAT BHIIETEN M3 CTBOMA, PACTIONOKEHHOTO MOA YoM o=60" K TOPH30HTY, BpaIIasch BOKPYT
cBocif mpofonbHOil ocH ¢ yriaoBoii ckopocThio w=100 pan/c. Ha cTBon opyaus Bo Bpems BEICTpena JeiicTBYeT MOMEHT
cun 150 kH-m, Bpems aBuikenus cHapsija B cTBoOsIC t=2- 107 c. OnpeneaHTs MOMEHT HHEPLUHH CHapsJa OTHOCHTEIBHO
9TOIf OCH.

MomeHT uHeprmH cTepikHa mmHOH L=0,6 M 1 Maccoii m=1 KI OTHOCHTENBHO OCH, TIPOXOJIANICH Yepes LEeHTP Macc, PaBeH
0,05 kr-m°. OnpeaenuTs MOMEHT HHEPUHH OTHOCHTEBHO NMapailieNbHOM OCH, IPOXO/IAMIEH Hepes CTEP/XeHb Ha PACCTOAHHH
L/6 ot ero xoHua.

Knnernyeckast sHeprus paBHOMEPHO BPAMIAOMIETOCA IIapa ¢ yraoBoi ckopocTeio 4 pan/c papsa 40 [ix. Onpenenuts
MOMEHT HMITYJICA ITOTO MIapa.

4. 3aKoHBI COXPAHEHHS JHEPIrHH, UMIIYJIBCA, MOMEHTA HMIYJILCA

Hebonbioe Teno maccoii 100 r HaunHaeT ABHKeHHe 0e3 HAYaNbHOH CKOPOCTH MO TIAAKOH JeAsSHOH ropke H3 TOUkH A.
Tpenue otcyteTByeT. 3aBHCHMOCTh MOTCHLMAIBHOH YHEPrHM TENa OT KOOPAMHATHI X H3oOpaskeHa Ha rpadmke E(x).
OnpenenuTs CKOPOCTh Tena B Touke C.
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0 2 4 & 10 12 x.m
ManeHbKHi MsY JABHIKETCA CO CKOpocThio 6 M/c. Hascrpedy eMy nBHikeTcs maccHBHas miaMTta. CKOpOCTE MsAYa mocie
abCOMIOTHO YIPYTOTo yIapa o IIHTY paBHa no Moayaio 10 m/c. OnpenenuTs CKOPOCTh [UTHTHI.
JIBIKHIK Maccoii 75 KT CIYyCKAETCA ¢ TOPHI BRICOTOI 18 M M Mpoe3kaeT mo ropH3oHTATRHOM NEDKHE 10 ocTaHOBKH 100 M.
Onpenenuts CHIy TPEHHs CKOJBKEHHA N0 TOPH30HTATBHOH TMOBEPXHOCTH, CYHTAs, UTO O CKIOHY TOpPhl JILIKHHK
CKOJB3HT Oe3 TPEeHHS.
Yenorek Bpamaetcs Ha ckaMbe JyKOBCKOTO ¢ yrmoroii ckopocTeio 1 pap/c. Ilpn 3ToM cyMMapHEI MOMEHT HHepiHn 4
kr-m”, Yenosex NEPEXOAHT OMMKE K HEHTPY, TAK 4TO MOMEHT MHEPIMH YMEHBIIAETCA 10 2 KoM, Omnpenenuts, demMy
CTAHET PaBHOIT YITTOBAs CKOPOCTH BpaIleHHs.
llap # Mokl MHIHHAP, HMCKOIIHE OJHHAKOBBIC MACCHE H PAIHYCHI, BKATHIBAIOTCA 110 HHEPIMH O3 MPOCKATR3EIBAHNS Ha
]'OpKyA HavanbHeie CKOpOCTH TCI OJUHAKOBBI. Ol'lpCLLC.I'l[JlTb OTHOIICHHUC BBICOTBI NOAbCMA Luapa K BBICOTC NOJAbeMa
oJI0rO Ll[/lJ'[l’]H,ELpa.

MOJICKleHpHG-KHHC'l'H‘ICCKaH TCOPHA HACAIbHBIX I'a3oB. YDRBHCHHC COCTOAHHA HACAJILHOI'O I'a3a.
3akon MakcBeia o pacnpejeJieHHH MOJIERY/T HAEAJTBHOI0 ra3a no CKopocrsaiM

B Tpex OJHHAKOBBIX COCYIAX HAXOIHTCHA OJJHHAKOBOC KOJHYECTBO I'asa, NpHYEM T|>T2>T3. OHPB,E[BIIHTI: KaKasa KpHBasd
6y,r_[er OITHCBIBATE PACIIPCICICHHC CKOpOCTeﬁ MONCKYN B COCYIC C TeMl‘le]JaTypOi’[ T;.
fiv)

a

L

OI'IPBHEHHTB, KdK H3MEHHTCH KOHHCHTpAUHA MOICKYI Ia3d, HMEHILIETO Ha4Yd/JIbHYH) TEMIEPATYpPY 350 Ku Ha4vyalbHOEC
naenenue 150 k[la, ecnu ra3 uzobapudecku Harpets go 700 K?

HneanpHblil Ta3 MOCTOSHHOH Macchl, HAXOAMMIICA B WHIHHIPE, NEPEXOANT W3 OJHOTO COCTOSIHHS B APYroe, TaK 4TO
NaBIeHHE BO3pacTaeT B 3 pasa, a 00beM yMeHbIIaeTcs B 2 pasa. B HauanbHOM cocTOAHHH Temnepatypa pasaa 300 K.
OnpenenuTh KOHEUHYIO TEMIIEPATYpPy rasa.

IMpu Temnepatype 200 K Hambonee BepoATHAaA CKOpPOCTE MoJekyn pasHa 300 w/c. OnpenenuTs CpemHIOw
apH(HMETHIECKYIO CKOPOCTE MOJIEKY Taza mpH Temneparype 800 K.

Opaun dawton oobemom 10 11 costepiut kuenopo noa aasnennem 1,5 MIla, a apyroii Ganion odbemom 15 11 conepsnt
asor mox gasieHuweM 2,0 MIla. Korma GammoHbl coefuHHMNH, 00a Traza cMelIamnch, o6pa3oBaB OTHOPOJHYIO CMECH.
OnpenenuTh MONTHOE JaBICHHE CMECH.

6. Tepmognnamura. 3akount repmognaamuru, Lnkinest. KILJL reminoBpix aABHrareei

MongpHas TEINIOEMKOCTh MONEKY/Ibl HIEaJbHOTO Ta3a NpH TocTosHHOM oOseme pasHa C=8R/2, rne R -
YHHBepcalbHas ra3opas NocTosHHAA. OmpefeIuTh YHCIO BpalaTeAbHBIX cTeNeHel cBo0OIbI MONEKYIb.
2 Mons wuacameHOoro raza mpu Temmepatype 400 K yeenwmuun ceoit obkem B 2 paza. Onpemenutk paboty
H30TEPMHYECKOTO PACIIHPEHHUS.
10 Mosb HaEATBHOTO OHOATOMHOTO a3d NPH MOCTOAHHOM JABISHHH HATPENH TAK, YTO €ro TEMIEPATypa H3MEHIIACh Ha
50 K. Onpenennts KOTHYECTBO TEMIOTHI, MOJBEIEHHOE K Ta3y.
3 MO IBYXaTOMHOTO HCATBHOTO Ta3a NMPH MOCTOSHHOW TeMIepaType yBelnH4nn cBoii oOsem B 4 paza. Onpenenuts
H3MCHCHME YHTPOIHN rasa.
Hpeanwuas Tennopas mamuHa 3a UMKI coBepuaet pabory 500 Jlx ¥ 0TAaeT XOJOAHNLHMKY KOJIHYECTBO TEMIOTHI,
paenoe 200 . Onpeaenute KIT[ Tennoroit MaluHet.

7. Daexkrpocraruyeckoe noje B sakyyme, [Ipunnun cynepnosuuun. Teopema I'aycea nias

3JIEKTPOCTATHYECKOI0 MOJIA B BAKYYMe

DNCKTPHUECKOC MOJIE CO3JAHO ABYMA TOYCHHBIMM 3apsajaMu ¢ = +q M 3 = +2q. OnpeacnuTs HANpAKCHHOCTL U
NOTCHLHA 110151 B TOUKE A.

A
@ @

[Mone co3nano BeckOHEUHOH PABHOMEPHO 3aPsKEHHO#H MII0CKOCTBIO € MOBEDPXHOCTHOH IIOTHOCTEIO 3apsia —C. Y KakKHTe
HAIPaBJICHUC BEKTOPA HANPAKCHHOCTH JICKTpHYecKoro nons £ u rpajucHTa noteHuuana Ve B Touke A.
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-G 1

H306pﬂ3HTb I‘pﬂ.(l'}HK 3aBHCHMOCTH HalPAMKEHHOCTH MEKTPOCTATHYSCKOTO T10JI18 OT pacCTOAHHA (OTC‘IHTLIBH.EMOFO 0T HX

LICHTPA), CO3[IAHHOIO ABYMs KOHLCHTPHYECKUMH cepami ¢ 3apsiamu §; = 2q, q,=—q uR;=2R,.

(¥

BJTGKTPH‘JE?CKOE TMOJIEC CO3MaHO IBYMSA OCCKOHEYMHBIMH napanicibHbIMH MITOCKOCTAMH, 3aPMKCHHBIMH C TOBEPXHOCTHBIMH
ninoTHocTsMH +6 1 —36. Ha PHCYHKE TIOKa3aHd KAa4C€CTBCHHAA 3aBHCHMOCTE MPOCKIHH HAMNPAMKCHHOCTH ITOJIA E\‘ oT
KOOPAHHATRI X BHE MJIACTHH H MCAHIY ITACTHHAMH. ]—'1306[]331'{TB 3aBHCHMOCTE MOTCHIHANIA MOJIA (p OT KOOPAWHATEL X BHC
IUIACTHH U MCIKAY INTACTHHAMH.

q,

+o 20
Metannuuecknii mwap HMeET MICKTpHYeCKHil 3apsa g, paanyc wapa 10 cm. HanpskeHHOCTB 3NEKTPHYECKOro MO Ha
paccroauuu =10 cM oT noeepxHoctH BHE mapa paeHa E = 20 B/m. Onpepenuts 3HaucHua HanpsxeHnoctH E, n
HOTEHIIHANA (| HICKTPHUCCKOTO I0JIA HAa PACCTOSAHHH I1=35 CM OT LICHTpa mapa?
8. ,H;H)JIEKTPHKH H MPOBOJAHHKH B JIEKTPHYECKOM ITOJIE. BHEPTHH JIEKTPOCTATHYECKOT'0 MOJTH
Ilpu nmepexone U3 OIHOH AMINEKTPHYECKOH CPEIbl B IPYTYI0 JMHHH HanpaxeHHocTH E MAYT Tak, Kak IOKa3aHO Ha
PHCYHKC. Y4YMTBIBAs, YTO AMICKTPHYCCKAS NPOHMUACMOCTh NEPBOA cpeabl g =2, a YIbl a=30" u B=450,

ONpedeiiuTE JHIIEKTPHYCCKYIO NPOHHOAECMOCTDL BTOpOﬁ Cpelbl 82 .

@ @
]

1
OnpenenuTsb MOTOK BEKTOPA NIEKTPHUECKOr0 CMELIeHHsI uepes3 MoBepxHocTh Kyda ¢ juiiHOH pebpa | cm, B ueHTpe
KOTOPOTO HAaXOAUTCs 3apsn 2 Mk,
KonpgeHcarop ¢ AHANEKTPHKOM ¢ OTHOCHTENBHON AMUMICKTPHYESCKOH MPOHHLAEMOCTBIO 6 MPHCOSIHHEH K HCTOYHHKY
TOKA. DHEPrus MEKTPHIECKOr0 TMOJA 3TOro KoHneHcaropa pasHa 32 JIK. OnpenelnTs SHEPrHIO AIEKTPHUSCKOTO 0
KOHJIEHCATOpA TI0CIIe YAATCHHS JHIIEKTPHKA.
OnpenenuTs 3apsa] TPETHETO KOHJASHCATOpa, H300pakeHHOTO Ha pucyHke, ecnu: C=9 ud, C,=3 ud, C;=6 ud®, U;=20

KB.
i U,

Cuna MPHUTAARCHHA MEKIY TNACTHHaAMH INIOCKOTO KOHIOCHCATOpa 18 MH. Onpenenmb 06BCMHyIO IIOTHOCTE HEPTHH

FNMEKTPOCTATHYECKOIO MOJIA 3TOT0 KOHAEHCATOpa, €C/IH IIoaibh [\'E.}KII,DFI H3 061{.1'[8.;[01{ 3 CMZ.

IMocTostHHBII IeKTPHYeCcKHil ToK, PafoTa H MOIHOCTH AIEKTPHYECKOro ToKa. 3akoH [xoyias-JleHua.
Mpasuaa Kupxrodga

Ha YYACTKE HepaSBeTB.’IeHHOﬁ LEMH TPOTEKACT TOK 1 3amaHHOTO HarpaBiICcHHA. Onpe,:[emrrb PasHOCThL MOTCHLHAIOB

mexay Toukamu AC,

ngf* €. R, R, &y
~—H b=
A B c, D

4
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9.2. DJIC GaTapen npejcTaBieHHOH Ha pucyHke — 5 B, ee BHyTpenHe conportusiense 1 Om. IIpu conpoTuBieHHn peoctara
R;=4 Om uacaneHwiii BomeTMeTp mokaseieacT 4 B. Ilpu kakom compotuBaeHun peoctata R, macansHeli BONBTMETP

nokazker 3 BY?
&f
--]' R

9.3, Pesuctopsl conpotnieHneM R; = 100 Om u Ry = 90 Om BKIOYEHB! MOCHEIOBATENBHO B ceTh. OnpenennTh, Kakoe
KOJTHYECTBO TEIUIOTHI BBIIENHTCA B pe3ucTope R., ecnu B pesncrope R Beigenunock 10 k/1x tennore?

9.4, Cuna TOKa B TPOBOJHHMKE PAaBHOMCPHO yBeamuuBacTcs OT [(=0 10 HEKOTOPOTO MAKCHMAIBHOTO 3HAYCHHS B TCUCHHE
Bpemern 10 ¢, 3a 910 BpeMs B NPOBOIHHMKE BBIACIHIOCH KOMHYECTBO TemnoThl 2 kJ[k. Onpemenuts CKOPOCTH
HapHCTE:lHV]H TOKA B ﬂpDBOﬂHHKC, CCJIH €ro COﬂpDTHBﬂCHHC paBHO 3 OM.

9.5. B anekrpuueckoil cxeMe, npeacTaBICHHON Ha pUCYHKE, £,=2 B, £5=4 B, Rj=4 Om, R,=6 Om, R3=3 Om, [,;=3 A, [,=2 A.
Onpenenuts Beuuuny IJ1C HeTouHHKA TOKA €.

R, I,
g B [Irs

Ly, €
2 &2 [|r, €,

R,

10. MaruurTnoe noje B Bakyyme. [lpunuun cynepuo3nuuu MaruuTueix nodjeii, Cuia Jlopenua n cuia
Amnepa. Teopema I'aycca /111 MATHHTHOIO 110J151 B BAKYYMe
10.] . Ha PHCYHKC HinGpa)KCHbl CCHCHHA JBYX Napa/C/IbHbIX l'lpﬂMDIIHHCi:IHb]X JAJTHHHBIX IIPOBOJHHKOB € MPOTHBOMOJIOAHO
HAIlpaBJICHHBIMH TOKaMH, np}{qEM 11:212. Onpc-:u:nHTb Hd KaKOM y4dCTKC HHAYKIHA MArHHTHOTO [10JI4 paBHA HYJIH).
1, | I,

O— Q—

| €

a

10.2. IlposonouHyo paMKy B BUAE KoJbla pamuyca 10 cM momemaror B OJJHOPOJHOE MarHUTHOE mone ¢ uuaykimeit 0,1 T,
Ilpn npotekanun no pamke Toka 0,4 A oHa mosepHymack Ha yron 60°. OnpemenuTh MeXaHHUECKHH MOMEHT CHII,
NeHCTBYIONIMI HA paMKy B Ha4allbHBIii MOMEHT BPEMEHH.

10.3. Ha pucyHKe nokaszaHsl cedeHHs 3-X JJIMHHBIX NapauieNbHBIX MPOBOJHHKOB ¢ TOKAMH H 3aMKHYTHIH KoHTYp L, mms
KOTOpOTO YyKazaHOo HampaBieHue o0xoga. Cunel toxka paeael L1=I,=I3=1,=2 A. Onpegenuts UMpKYISAUHI BEKTOpa
HAMpPAXKEHHOCTH MATHUTHOTO TIONA [0 KOHTYPY.

10.4. OnpenenuTts NOTOK BEKTOPA MATHUTHOH MHAYKUMM nonsa senuduHoi 10 T uepes noeepxHocTs Kyba ¢ nnnHoi pebpa
5cm.

10.5. Onpenenute cuny, JCHCTBYIOIIYIO HA KAKIBIH METP JUIHHBI BO3JYIIHBIX TPOBOAOB TPOJUICHOYCHOH NHHHH,
pacHonoKeHHbIX Ha pacctrosHuu 40 oM Apyr OT Apyra opH cuie Toka B nposojax 1500 A.

11. DaexrpomarnntHas vuAyKHusA. CaMoHHAYKIHA. FHEPrusi MArHHTHOTO NOJIS

11.1. Ilpu nBmxeHHH NPOBOJHHKA AMHHON 15 cM CO CKOpOCTEIO 4 M/C B OJJHOPOJHOM MarHHTHOM nosie ¢ uaaykumei 0,3 Tn
posuukaer IJAC unayxkuun 0,18 B. Onpepenuts, uemy Oyaer pasua J3JIC MHAYKLHU TPH JABHKEHHH NPOBOJAHHKA
1uHOM 30 €M €O CKOPOCTBIO 8 M/C B 9TOM 3KC MATHUTHOM [0JIC.

11.2. Beprukanssas pamka miomaiso 200 e’ mveer 100 BUTKOB U BpaLacTcs B OHOPOJAHOM IOPU30OHTAIBHOM MAarHUTHOM
nojte ¢ uuaykuued 4 Tn. Ock Bpallenns nepneHaHKy/IApHa JIMHHAM MarHUTHOH WHIYKUHH [0/, Makcumanbnas D/1C
HHAYKLHH, BO3HHKAIOLAA B paMke pasHa 62,8 B. Onpenenuts nepuoj o0paleHus paMxu.

11.3. 3amkuyras HaKOpoOTKO Karywmka auamerpom 10 cM, nmeromas 100 BUTKOB, HAXOAUTCS B MArHHTHOM HOJIC, HHIYKLIA
koroporo yeenuuupacrcs ot 2 Tin no 8 T B teuenne 0,1 ¢. IlnockocTh BUTKOB NEPHCHANKYIAPHA CHIIOBBIM JIMHUAM
noust. Onpenenuts cpeauee 3uadende /1C HHOYKUMH B KaTyILKE.

11.4. B xarymxe unaykrusHoctH BosHHkaeT 3J]C camounnykuun, pasnas 10 B, npu paBHOMepHOM yBeaM4EHHH TOKa OT 4
10 20 A 3a 0,2 ¢. OnpeenuTs HHAYKTHBHOCTL KATYLIKH.

11.5. Tliockui 3aMKHYTBIH KOHTYP CjCJaH M3 KYCKa TOHKOH [poBoJoku conporusicHueMm 2 kOm. Konryp nomewicH B
MArHHTHOE TOJIEe, HHAYKIMSA KOTOPOTO MEHSETCS CO BPeMEHeM o JinHelHoMy 3akony. OnpeaennTs BpeMs, B TeueHHe
KOTOPOI0 110 KOHTYpY npotek 3apsn 0.2 Kin v BelieIMI0Ch KOIUYECTBO TCILIOTH 5 kJ[xK.

12. MarnuTHoe moje B BelecTBe. Teopusa MakcBesia 18 WeKTPpOMarHuTHoOro noJis. Cucrema
ypasHeHHii MakcBeiia B HHTerpajibHoil 1 a1udpdepenunansHoii gopme

12.1. Ha PHCYHKC NPHBCICHA NMCTIA IHCTCPE3HCA. 3,E[CC13 B — marnuTHasA HHAYKIOHA 10J1 B BCHICCTBE, H - Hanpsa*CcHHOCTh
BHCIITHCTO MArHUTHOTO MOJIA. BbleﬂTb OTPC3KH Ha rpa(pmcc, COOTBCTCTBYHIIHE K().')leHT}'{BHOﬁ CHIIC,

12
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12.2. VYkakute YPaBHCHHA, KOTOPLIC HABIAKTCA MJOIIOIHHTCIBHBIMH K TIONHOI  cHCTEMe ypﬂBHGHHI‘:l Makcsenna B
HHTeraJ'IbHOﬁ (bopme JJTA 3NCKTPOMAarHHTHOT O ITOJIA.

o 0B
J;Edi— :[a‘dS

B=pp,H
J;deS:i[pdV
D=c¢e,E
[Bas=o

L s

12.3. Ha PHCYHKC MPCACTABICHBI 1"[‘)3.(31]1/11{1/11 OTpaxalomie XapakTep 3aBUCHMOCTH BCJIIMYHHBI HAMarHH4CHHOCTH J BemecTsa

(110 MOJIYJIIO) OT HANIPAKEHHOCTH MarHUTHOTO 110714 H. YKakuTe 3aBUCAMOCTD, COOTBETCTBYIONIYIO (PeppOMardeTHKAM.
J 1

(=]

3

H
4
12.4. Kax H3BCCTHO, MOJIHAA CHCTEMa y'paBHBHHﬁ Maxkcpenna ams ANEKTPOMATHHUTHOTO MOJIST HMECT BHL

- - oD\ -
”Hdl:_g j+2, |48
[7D as={ pav

Y V
[7B s =0

5

3anucath CHCTEMY YPaBHEHHIH [T MEPEMEHHOr0 3MEKTPOMATHHTHOTO MOJIS B OTCYTCTBHE 3apsiKeHHBIX TEll.
12.5. Tlonnas cuctema ypasHeHnii Makcpenna B gudydepeniimansioil opme TS SMeKTPOMarHHTHOTO MO HMEeeT BHIL:

. 0B
rot E=— —
ot
~ <. 0D
lrot H=j+—
ot
divD=p
div B=0
3anucarh CHCTEMY ypaBHeHHﬁ A IEPEMEHHOTO 3JIEKTPOMArHHTHOTI'O MOJIA NPH HallHYHUH 3apAKEHHBIX TE/1 H TOKOB
NpOBOJHMOCTH.

13. Cpoboanbie, 3aTyXalolHe H BLIHYKICHHBIC KOJe0aHHA. DICKTPOMATHHTHBIC BOJIHBI, JHEPIHs H
HMIIYJbC 31eKTPOMATHHTHOIO 1o/id. Bektop YMmopa-IloiiHTHHr A

6
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13.3.

13.4.

13.5.

14.1.

14.2.

14.3.

14.4.

14.5.

YpapHeHHe Koscbanui rpy3a Ha npyxkuHe xecTkocTeio 100 H/m uMeer Bua: ¥+25x=0 (8 CH). Onpepenute Maccy
rpysa.

MasTHHK coBepliaeT BbIHY:KA€HHbIe KoseDaHusi, KOTOpble ONHchBalOTCAd AUpepeHIHanbHbIM — YPaBHEHHEM
d*x
dr?
KoJieOaHHii.

T'pahuk 3aBHCHMOCTH KOOPAHHATEI X MATEPHAIBHOH TOUKH OT BPeMEHH f A 3aTYXAIONIHX KoicOaHHH MMECT BHI,
[OKa3aHHBIH HA PUCYHKE:

dx .,
+0,5—+900x = 0,1cos 150¢ . OnpeaeTuTs OTHOMIEHHE YACTOTHI BHIHYAKAAIOMICH CHIIbI K YACTOTE COBCTREHHBIX

OH]JEI[GJ'IP]T]: HHKIHYECKYH HacTOTY 3aTyXalomHx KoneOaHm,

Ha pucyHke nokaszana opHeHTallMd BEKTOPOB HANPSKEHHOCTH asekrpuueckoro (£ ) u marnuwtnoro (H ) noneit B
9eKTPOMAarHHTHOH BonHe. ONpenenuTh HaNpaBleHHe BEKTOPA MUIOTHOCTH MOTOKA YHEPTHH 3IeKTPOMATHUTHOTO IO
(BekTOp YMoga-IloliHTHHTa), OTBET MOACHHTE.

z

=1
el
-

1

Ha pucynke npencrapneHa MrHoBeHHas «hoTorpadusa» 3MeKTPHYECKOH COCTABNAMOIIEH INEKTPOMAaTHHTHOH BOJIHBI,
nepexojsmed u3 cpeasl 1 B cpeay 2 meprneHAMKyIspHO rpanuue pasgena AB. Onpenenute OTHOCHTENBHBIH
MoKa3aTenb NPEJIOMICHHSA cpefibl 2 0THOCHTENBHO cpesl 1.

A
1—t»2

W)S 0'.5 X, e

B

14. HNurepdepenuns u iudpakuus cBeToBbIX BOJH. JHdpakunoHHAas pelieTKa

Ha noBepxHOCTB CTEKNa ¢ MOKA3aTeAEM NPENOMIEHHS 1,,,~1,7 HAHECCHA TOHKasA MJEHKA C MoKa3aTeleM MpPeloMIcHHUA
n,,=1,5. Ha nnenky nmo Hopmann K Heil magaet cset ¢ AnuHo# BomHel 500 HM, OnpeaenuTs Npu KakoH MHHHMAJILHOH
TOJINIMHE TUIeHKa OyaeT "npoceerstomeii"?

Veranorka ans HabmoneHus konery HEFOTOHA OCBeIaeTCs MOHOXPOMATHUECKHM CBETOM HHOH 0,4 MKM, Tagaroimum
HOpMasIbHO. ONpeaeHTh TOMHHY BO3AYIIHOTO 3a30Pa MEHK/LY TUIOCKOBBINYKIIOH JIMH30# H CTEK/ISHHOH [UIACTHHKOH B
TOM MecTe, riie Ha0J1aeTes MATOe CRETII0E KOO B OTPAKEHHOM CBETe.

Onpeaennts 0b1Ice MUCIO MAKCHMYMOB, KOTOPOE AaeT AH(PaKLIHOHHAS PeLIeTKa ¢ NOCTONHHOM 10 MKM H OCBEIICHHAS
MOHOXPOMATHYECKHM CBETOM C JUTHHOH BOJTHBI 480 HM.

Ha nnadparmy ¢ KpyribM OTBEPCTHEM PAIHYCOM 2 MM MafacT HOPMATIBHO MapauieIbHELT MyH0K CBETA JUTHHOH BOIHEI
0,5 mxm. Ha myTn nyueid, npomeainx 4epe3 OTBEPCTHE, HA PACCTOAHHM 1 M moMemaroT sKkpad. OnpeaennTs Kakoe
nATHO OyaeT HaOJIKAAThCA B LICHTPE IKPaHa B TOUke M 1 modemy?

: }" 3 M

Ilyuox monoxpomarnyeckux (A=0,6 MKM) CBETOBBIX BOJH IaJaeT MOJ YriaoMm 60" na HAXOJSILYIOCH B BO3/yXe
MbLIBHYIO IL1eHKy (n1=1.3). Onpenenurtsb, NpH KAKOH HAMMEHBILEH TONLIMHE IUICHKM OTPAMXKCHHBIE CBETOBbIE BOJIHEI
OyayT MAKCHMAJBLHO YCHICHBI HHTEphEpeHIIHCH?

15. IMoaspusanus ceera. 3Jakon Manioca. 3akon bproctepa. [lornomenue n nucnepcust BojiH, Hopmanbhasn

H aHOMAJIbHAS JUCIIEePCHA

7
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15.1.

15.2.

15.3.

15.4.

15.5.

Tlpu najeHuy cBeTa W3 BO3AYXa HA AUAICKTPHK OTPAMEHHBIH J1yd MOMHOCTEIO HOJSIPU3OBAH. YTOJ NPENOMICHHA PABCH
30°, OnpepenuTs yron naacHus J1y4a.
TTnacTunka kBapia TommuaoR d;=2,5 MM MOMECTHIN MEK1Y JBYMS NMapaiieibHbIMH HUKOISAMHU, B PE3yIbTATE Hero
IIOCKOCTH TIONAPH3AIMHE cBeTa ToBepHyiack Ha yroa 30°. Onpemenuts Tommmmy d, KBapreBoil TUIACTHHKH,
HOMEIICHHOMH MEXKAY HUKOISAMH, IPH KOTOPOi JaHHEIH MOHOXpOMATHYCCKHIT cBeT OYACT MOMHOCTBIO TFACUTBCS.
Ha myTH ecTecTBEHHOro CBETA INOMELIEHE! JBe IIACTHHKH TypManuHa. [locne mpoxosxkneHHs niacTHHKH 1 ceer
TIOJIHOCTBIO MONApH30BaH. 31eck J; 1 J, — HHTEHCHBHOCTH CBETa, NPOLICAIIETO MJIACTHHKH 1 M 2 COOTBETCTBEHHO,
yron meskay HanpaenennsmMu 00 u 0’0 pagen ©=30°. OnpenenuTs OTHONIEHHE WHTEHCHBHOCTEEH cBeTa J) 1 J,.

10

|
i
|
T
|
|
o
Ha NOJIAPH3ATOP NajaeT CBET, Hpe}]CTaBHHH)“IHﬁ coDOii CMeCh ECTECTBEHHOTO H IUIOCKO NOJAPH30BAHHOTO.

WMHTEHCHBHOCTH €CTECTBCHHOTO M IUIOCKO TNOJMAPH30BAHHOTO CBETA CBA3AHBI COOTHOIICHHEM ]c=2[r[< Onpe;[ennTh
CTCTICHD TMOJIAPH3AIHH TAKOTO CBCTA.

]‘pﬂ(i)HKH JAHCTIEPCHOHHBIX KPHBBIX 3aBHCHMOCTEH MOKa3aTess NpeaoMIEHHNA CPEAbl OT YaCTOThI (D ¥ JUIHHBI BOJIHBI l
CBCTA HMCHOT BHI, ﬂpBﬂCTaBﬂeHﬂﬁlf/‘l Ha PHCYHKaX. Onpe;{enmb KaKUM BHIOaM JAHCIEPCHH COOTBETCTBYHOT YHACTKH

xpuseix CD u A"B'?

o, @

16. KpauroBasi cBOMCTBA 2IEKTPOMAIHHTHOIO H3/1V4eHHH. 3AKOHBI TeIL10BOro niaydenus. ®orozdpdexr.

16.1.

16.2.

16.3.

16.4.

16.5.

17.1.

@otoubl. /laBaenue ceeta. ekt Komnrona

Ha pucyHke nokazaHel KPHMBEIC 3aBUCHMMOCTH CICKTPAIBHOH IIOTHOCTH JHEPreTHHECKOH CBETUMOCTH abCoOmIOTHO
YEPHOT0 Tella OT AMMHEBI BOJIHEI IPU pa3HelX Temneparypax. Kpueas | cooTBeTCTBYeT CHEKTPY HaNydcHHA abCOMIOTHO
uepHoro tena npu temmneparype 2000 K. Onpenenuts, kakoit Temneparype (B K) coorBerctByer kpuas 27

r,

500 2000 '

OnpeaenuTs SHEPTETHYCCKY CBETHMOCTE A0CONFOTHO HEPHOTD TENd, CCIH €r0 TCPMOIHHAMHUCCKAS TEMICpaTypa
T=400 K.

PTyTHast namma umeer MomrHOCTeE 150 BT, CKOMBKO MPHMEPHO KBAHTOB CBETA MCIYCKAETCH EKECEKYHIHO TIPH
H3TYUCHHH CBETA ¢ JUNTHHOI BOMHE 600 HM?

HZDJ’IHpDBaHHaH METANTHYECKAs MIIaCTHHKA HEMPEPbIBHO OCBEIIACTCH CBETOM C )'[J'IHHDﬁ BOJIHBI 450 HM. B pe3yabTaTe
thorordexra, ona 3apsmraeTca 1o notenunana 0,76 B. Onpenenuts paboTy BEIX0OAa YIEKTPOHOB H3 MeTAIIA.

Ha pHcyHke mokaszaHbl HalpaBleHHA Mafjatouiero ¢oToHa (y), paccesHHoro (oToHa (ﬁ{') M IEKTpOHA OTaauH (e).
VYron paccesnusa 90°, HanpaplieHHe TBHXKEHUS DJIEKTPOHA OTHAYH COCTABIAET C HANpPABJICHHEM MAalalomero GoToHa
yron ¢=30°. Umnynse nagarmomero dotona 3 ( MaB-c)/m. OnpenenuTs UMIYIbC DJIEKTPOHA OTAAa4H (B TeX IKE
CAMHHLAX).

17. DuaeMeHTHI aTOMHOMH (PH3NKH H KBaHTOBOii MexaHukH. [loctynatsl bopa. 'unoresa ne bpoiias.
IIpunuun HeonpeneaeHHocTH. YpapHenue llpequnrepa. BoinoBas GpyHKUHSA, H ee CTATHCTHYECKOE
TOJNIKOBaAHHE. ﬂpﬂBHJ[ﬂ O'['ﬁﬂpﬂ LISl KBAHTOBLIX 1EpPEX0/10B

B oneite [[3Buccona u [[xepmepa uccnenosanack AHGPAKIUA MEKTPOHOB, IPONIEAMNX YCKOPAOIIEE HANPAKCHNE, Ha
MHKpOKpHcTanne wukens. OnpenennTb, KaK H3MEHHTCS IJHHA BOJHBI e bpoiina 37MeKTpoHa, eclii yCKopsAmmee

8
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17.2.

17.3.

17.4.

17.5.

HATPSKEHUE YMCHBILNTE B § pas.
Ha pucynke npejcrasicHa JuarpaMMa dHEpreTHYeCKHX yposHei atoma Bogopoza. [Ipu kakoM nepexolie NpoNCXOINUT
rornomienue GoToHa ¢ HAaHOOBIIEH YacTOTOH?

E,»B
WLLLLLLLLL L
-085 ?

15
34

A
12 3 4

136

n=1

w“ g
[onoxkenne neutuaKK Maccoit 1-107 ke onpeaeneno ¢ neonpenenennocTsio 0,1 MxkM. OnpeaenuTs HEONPEACNIEHHOCTE
CKOpOCTH AV.
BeposaTHOCTE 0OHAPYKHTE TEKTPOH HA ydacTke (a,b) 0MHOMEPHOTO MOTEHIIHANBHOTO ANIHKA ¢ OECKOHETHO BHICOKHMH

b
CTEHKAMH BeIIHCIsIETes 1o dopmyne W = jmdx, rae (9 — IVIOTHOCTB BEPOATHOCTH, onpenendeMas Y -pyHKnuei,
a
. L L
BHII KOTOpOil NpuBeieH Ha pucyHKe. ONpeaennTs BEPOATHOCTh OOHAPYKHTE JIEKTPOH HA YUACTKE — « x < — .
8 2

/4

|

| |
| | |
| | |
| | |
]

0 L L 3L L
4

2 4
OnpenennTs MOTEHIMANBHYIO SHEPTHI0 3NICKTPOHA, HAXOMANIETOCA Ha TpeThel HopoBcKoit opOHTe aToma Bomopona.
Pamuyc neproii Goporckoit opOuTEl atoma Bogopona 53 nmm. DHeprus 3MeKTPOHAa B OCHOBHOM COCTOSHWH paBHA -
13,6 5B.

18. DueMeHTHI si1epHOii GHU3UKH: COCTAB H XAPAKTEPUCTHKH ATOMHOIO siApa. Bujibl paiHoakTHBHOIO

18.1.

18.2.

18.3.
18.4.

18.5.

u3ay4eHund. Anepubie peakuuu. JieMeHTapHbIe YacTHIbL. THIIBI B3auMoeiicTBHA

Onpenennre, sAIpo Kakoro H3oToma yriepoia (o0o3HadeHHOro CHMBONOM JX) y4YacTBYeT B sAdepHOH peakiuu
X+ E'He—) 1;{0+ &n?
Ilepuon momypacnaga paavoakTHBHOrO aneMeHTta 3 dyaca. OnpefeiHTh Yepes CKONLKO BpemeHM pacnajgercs 75%
PAIHOAKTHBHBIX ATOMOB?
Ha3paTk 9acTHIIEI, KOTOPHIE ABIAIOTCA YUACTHHKAMH CHIIBHOTO B3aHMO/EHCTBHS.
B npupoae cymectByer ueThlpe THHA (DYHAAMECHTANBHBIX BiauMojeiicTeuil. B kaxom BzauMojcHCTBHH Y4acTBYHOT
MPOTOHBI H HEHTPOHE.
Mieeerno werelpe  Buaa  (yHaaMeHTaNBHBIX — B3auMmopciicteuit.  Kakoe p3anmojelicTBHe  XapakTepH3yercs
CpaBHHTEIBHON HHTEHCHBHOCTRIO =1, a paaMyc ero IeHCTBUA paBeH =10 m?
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4. ®aiin u/unu bT3 ¢ NOAHLIM KOMMAGKMOM OYeHOYHbIX Mamepuasoe npuaazaemcs.
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