MPUTOXKEHME A
®OH/, OLLEHOYHbIX MATEPMANIOB A1 MPOMEXYTOYHOM ATTECTALMU
NO AUCLMNAMNHE «dusmka»

1. Ilepeuensv oyenounvix cpeocme 0a KOMnemeHyuil, hopmupyemoix 6 pe3yiomame 0C60€HUS
OUCUUNTIUHDL

Kon koHTpo1HpYyeMOii KoMIIeTeH N Cnocod OueHO4YHOE CPEICTBO
p py OLICHUBAHUA P
KomnnekT
OMK-3: CnocobeH npuMeHATH
KOHTpOnupywmx

COOTBETCTBYWWMI/ (U3UKO-MaTEMaTUUYECKNIA
annapaT, MeTOAbl aHanu3a M
MOAENMPOBAHUA, TEOpPeTUYEeCKOoro M

MaTepuanos Ans
3aueT; 3K3aMeH 3a4yeTa; KoMnnekT

KOHTPONUpyWmuX
3KCNEPUMEHTANbHOIO UCCNEeAOBaHUS NpH
MaTepuanos Ans
peweHun npodecCcuoHanbHLIX 3aaay
JK3aMeHa

2. Onucanue nokxazamenei u Kpumepuee OUeHUBaHUuA Komnemeuuuﬁ, onucarnue uiKai
oueHueanusn

OueHuBaeMble KoMmneTeHUMM npeacTaBneHsl B pasgene «[llepeueHb  nmnaHUpyeMbix
pe3dynbTaTtoB o6yyeHus no AMCUMNAMHE, COOTHECEHHbIX C WHAMKATOpPaMU JAOCTUKEHUA
KoMneTeHuun» pabouen nNporpamMmbl AUCLMMAUHB «PU3MKa».

Mlpy  oueHuBaHuM CHOPMMPOBAHHOCTU  KOMNETEHUUA NO  AuUcCuMnnUHe  «dusmka»
ucnonb3yetcsa 100-6annbHaa wkana.

Kpurepmnii Ouenka mo 100- Ouenka nmo
0aJNILHOM HIKAaJIe Tpa}II/IIII/IOHHOﬁ mKaJie
CTyAeHT ocBoun M3yuvaeMbli MaTepuan 75-100 Omauuno

(OCHOBHOW UM JAONONMHUTENbHbINA) ,
CUCTEMHO U FPaMOTHO M3naraeT ero,
ocCywecTBnseT NofHoe M npasBuibHoe
BbiNONMTHEHUE 3aJlaHuii B COOTBETCTBUMU C
WHAMKATOPaMKU AOCTUXKEHMS
KoMneTeHuuii, cnocobeH oTBeTUTb Ha
JAOMNONHUTENbHbIE BOMPOCHI.

CTyAeHT ocBOMN M3yuvaeMblii MaTepuan, 50-74 Xopowo
oCywecTBnseT BbMOMHEHWE 3ajaHuii B
COOTBETCTBUM C MHAMKATOPAMM
AOCTUXKEHUS KOMMETeHUui C
HeNnpUHUMNUANbHLIMM OWKMOKAMHK.

CTyAeHT AeMOHCTpUpyeT OCBOEeHue 25-49 Yooenemsopumenvno
TONbKO OCHOBHOrO MaTepuana, npu
BbIMONHEHUM 3aJaHUN B COOTBETCTBUM C
WHAMKATOPaMU AOCTUXEHMS KOMMeTeHUui
AonycKaeT oTAenbHble ownbku, He
cnocobeH cucTemaTusuMpoBaTb MaTepuan
U AenaTb BbIBOAbI.

CTYAeHT He OCBOMN OCHOBHOE <25 Heyooesnemsopumenwvto
CcojepxaHue U3y4yaemoro MaTtepuana,
3a/aH1s B COOTBETCTBUMN C




WHAUKATOPaMU AOCTUXEHUA KOMMneTeHUuI
He BbIMOJIHEHbI WU BbINOJIHEHbI HEBEPHO.

3. Tunogvie KOHMPOIbHBIE 3A0AHUA UTU UHbIE MAMEPUATbl, HE00X00UMble 011 OUEHKU YPOGHA
docmudiceHus KOMRemeHyull 8 COOMEEMCmeulU ¢ UHOUKAMOopamu

1.3a0aHUA Ha UCMNoAbL308aHUE ecmecmeeHHOHAay4YHbIX 3HQHUU U Mamemamu4yecKoeo
annapama

KomneteHuus MHAMKaTOP AOCTUMXEHUA KOMNETEHLUN
ONK-3 Cnocoben npumeHaTb  cooTBeTcTBylowuii | ONK-3.1 [pumeHseT wMaTemaTuueckuin annapart,
dn3nuKo-MaTeMaTMUECKMI annapaTt, MeTOApl aHanu3a | MeTOoAbl MaTeMaTUyecKoro aHanusa "
" MoZAenupoBaHus, TeopeTMueckoro M | MOAENWPOBAHUS ANS peWeHus 3ajav
3KCnepuMeHTanbHoro wuccnepoBalua npu peweHun | ONK-3.2 [pumeHseT ecTeCTBEHHOHayuHble W/uUnu
npodeccUoHanbHbIX 3ajay obuenHxeHepHble 3HaHMA ANs peweHus 3ajay

Hcroaib3ys ecTecTBeHHOHAYYHBIE 3HAHMS W MaTeMaTH4YeCcKMiH amnnapar, pelIMTh 3aJa4Yd Ha
cIefiyolHe TeMbl:

2 cemecTp

1. Kunemaruka NOCTYNATCIIBHOTO M BPALIATCIbHOTI'O IBHXKCHUA.
. I[MHaM[/IKa MOCTYINATENBHOTO IBHIKCHHA. CuIlbl B MEXAHHKE.

JluHamMHKa BpallaTe/IbHOIO ABMKEHUS TBEPAOIO TeNa.
. 3aKOHBI COXPAHEHHs YHEPrHU, UMITY/IBCA, MOMEHTA UMILYJIbCA.

Uk W

. MonekynsapHo-KMHETHYECKAs TEOPHS WJEANBHBIX Ta30B. YPaBHEHHE COCTOSHHA HIEaNBHOTO rasa.
3axkoH MakcBenma o pacipeieleHHH MOTIEKYN HASalbHOTO Ta3a Mo CKOPOCTAM.
6. Tepmommnamuka. 3akoHb! TepMoanHaMuAkH, Llukner. KITJ] Tennoesix neurateneii.

7. OmnekTpocTatMueckoe mone B BakyyMme. [lpunumn cynepnosunuu. Teopema Taycca ans
DIIEKTPOCTATHUECKOrO MO B BAKYYME.

8. Ju3nexTpUKH U MPOBOJHUKH B ANMEKTPHUECKOM IONIe. DHEPTHS AIEKTPOCTATHIESCKOrO MOJIsl.

9. [IlocrosiHHbIH anekTpuueckHii ToK. PaboTa ¥ MOIIHOCTL ANEKTPHYECKOro Toka. 3akoH Jlmoyiis-
Jlenua. TTpasuna Kupxroda.

3 cemecTp

10. MarauTHOe none B Bakyyme. [IpHHUHD cymeprno3unnn MarHUTHBIX noseil. Cuna JlopeHna u cuma
Amnepa. Teopema ["aycca Jyist MArHUTHOT'O 110JISL B BAKYYME.

11. MaruuTHOE NoJie B BENIECTBE. DIeKTPOMarHuTHas HHAYKIUsS. CaMOMHTyKIUs. JHEprusl MarHUTHOTO
TOJIS.

12. Teopusa MakcBenaa aj1s 2IeKTpoMarHuTHoro nous. Cucrema ypaBHeHHH MakcBenia B HHTETPATbHON
n muddepenunansHoit hopme.

13. CpobopaHble, 3aTyXaloIME H BBIHYKJICHHEIC KOJIcOaHMs. DNEKTPOMATHHUTHBIC BOJIHBEL. JHEPTHA U
HMITYJIbC 31IeKTpoMarHuTHOro nojsi. Bekrop Ymosa-IlofHTHHra.

14. Unrepdepentius u qudpaxims CBETOBBIX BOMH. JJuppakiinoHHas pemerxka.

15. [lonspuzaumst ceera. 3akoH Mamoca. 3akon bprocrepa. IlornomeHwe W aucrnepcus BOJH.
HopmaneHas 1 aHOManbHas AUCIIEPCHS.

16. KBaHTOBas cBOHCTBA 3JEKTPOMAarHHTHOTO H3My4eHHA. 3aKOHBI TEIIOBOTO M3NydeHHA. PoTo3(dekT.
@otonsl. Jlasncaue ceera. Ddhdext KomnToHa.

17. Dnementsl atoMHoH (Gu3uku ¥ kBaHTOBOH Mexanuku. [loctynatet bopa. ['mnotesa ne Bpoiins.
[Mpunnun wHeomnpeneneHHocTd. Ypasuenue lllpenunrepa. BonHoBas ¢yHKIHSA, U €€ CTATHCTHYECKOE
TosikoBaHue, 1IpaBuna orbopa s KBAHTOBBIX IEPEXOJIOB,

18. DnemeHTHI saepHO# (U3HKK: COCTaB M XapaKTePHCTHKH aTOMHOTO fipa. BHABI pagHoakTHBHOTO
M3TyUeHHs. fnepHble peak iy, JIeMEeHTaPHbIC YACTHIBL. THITBI B3aUMOSHCTBHA.
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2 cemecTp
1. Kunemaruka NOCTYHATE/ILHOI'O H BpAIIATE/ILHOI'0 IBHKCHHI

Touka M ABHIKETCA 10 CIIHpaJH € MOCTOAHHOH MO BEJIHYHHE CKOPOCTBH) B HaNpaBJICHHH, YKA3dHHOM CTpBIII{(Jﬁ.
OHpB;‘IEﬂHT‘b, KaK H3MCHACTCA BEITHYHHA HOPM&JIBHOTO YCKOPEHHMA H TAHTCHIHAIBHOTO YCKOPCHHA.

M
——

VrioBoe nepeMelierie Tela MeHseTcs ¢ TeYeHHeM BpeMeHH t 10 3akony (@ =(26>-2t+5) (pax). Onpelenurs yriosoe

YCKOpEHHE Tena.
3aBHCHMOCTb YITIOBOH CKOPOCTH OT BPEMEHHM INOKa3aHa Ha pucyHke. OupejennTs YIIOBOE NepeMelleHHe Tena 3a
npoMeRyTOK Bpemenn ot 0 10 6 c.

@, pag'c

Teno GpOLICHO ¢ TOBEPXHOCTH 3eMIIH €O ckopocThio 10 M/c moa yriom 45° k ropuzonty. OnpeienuTs paanyc KpUBH3HEL
TpaeKTOpUH B BepxHeil Touke. ConpoTHBIEHHEM BO3IYXa NpeHe0peys.

Touka ABHIKETCS MO OKPYKHOCTH COMMACHO ypaBHeHHio ¢=5t> (pan). HopManbHoe yCKOpeH#He TOUKH B MOMEHT BPEMEHH
t=4 ¢ paBrO 36 M/c. OnpeaenuTs paauyc OKPYAKHOCTH.

2. JInnamuka MOCTYNATENbHOI'0 IBHAKCHHA. CHllbl B MEXaHHKE

Ha pucyHke npuBeieH rpadMK 3aBHCHMOCTH CHIBI, AcifcTBYytomeli Ha Teno, oT BpeMeHH. ONpenennTh M3MEHEHHE
HMITYJIbCA TEMd 3d NEPBLIC 3 CEKYH/Ibl IBHHECHHA.
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3aBHCHMOCTh MMITYJTBCA YACTHIIBI OT BpEMeHH omuchkiBacTes 3akomom P =3ti +8t°j, rne i n ] - BEKTOpHI

KOOpAMHATHRIX oceii X, Y cooTBeTcTBeHHO. M300pasute 3aBucHMOCTE mpoekuwuii cuiabl Fx u Fy, neficTByromei Ha
YJACTHILY, OT BPEMEHH.

YeTpipe mapuka pacriooKeHbl BAOAL NpAMoii. Maccel mapukos ciesa Hanpago: 2 T, 1 1, 4 r, 3 1. PaccTrosHus mexnay
coceaHnMH mapHkamu 110 20 cM. OnpeaennTs Noa0KEeHHE LEHTPA Mace CHCTEMEL.

JlMHaMOMeTp ¢ Tpy30M, 3AKPEIUICHHBIH HA MOTOJIKE HENOJABHKHOTO JTH(TA, NOKA3BIBACT 3HAYCHHE CHIIBI TSIKECTH Ipy3a,
pasuoe 14 H. Onpenendrs Bec Tela B IH(TE, IBHIKYIIEMCH PABHOYCKOPEHHO BHU3 ¢ YCKOpeHHeM 2 m/c?.

B ATTPAKLHOHE HCIIOBCK maccoi 50 kr ABHMCETCH Ha TCICKKE 110 pellbCaM MW COBCPLIACT «MCPTBYHO» IICTIH B
BEPTHKAILHOH IUIOCKOCTH 10 KPYTrOBOH TpaeKTopuH pajuycom 6 m. OnpesenuTs CHIy JaBleHHs YelOBEKa Ha CHJIEHHE
TEJICIKKH [IPH CKOPOCTH IIPOXOKACHUS HHKHEH TOYKH 36 KM/4.

3. HHHHMHKE BpamiaTeJibHOIO JIBHKEHHH TBEP/IOI0 TeJia

Huexy npumany yrnosoe yckopenue, npunoxus cury 10 H no kacarenbHoi k 06omy nucka Ha pacctosanu 10 M oT ocn
Bpanienus B Teuenne 0,4 ¢c. OnpenenuTs Ha CKONBKO YBETHUHIICS MOMEHT HMITyJIbca AncKa?
Jnck HaunnaeT BpamaThes MoJ ASHCTBHEM MOMEHTA CHII, TpaduK BPEMEHHOH 3aBHCHMOCTH KOTOPOTO NMpEJCTaBlIeH Ha
pucyske. H306pa3uth rpatduk, NpaBHILHO OTPAKAIOUIHIT 3aBHCHMOCTh YTJIOBOI CKOPOCTH JIHCKA OT BPEMEHH,

I

t, t

Ipu BHICTpENE OPYANA CHAPSAM BBUIETEN W3 CTBONA, PaCMONOKEHHOTO Mo yriom o=60" K ropH30HTY, Bpamasch BOKPYT
cBOEH TPOJIONIBHOI OCH ¢ YTIoBOH ckopocThio =100 pan/c. Ha cTBON opyaus BO BpeMs BBICTpena AeiCTBYeT MOMEHT
cunt 150 kH-m, Bpems [BuKeHHS cHapaga B ctsoje t=2-107 c. OnpeneinuTs MOMEHT MHEPLHH CHApAla OTHOCHTEILHO
3TOI OCH.
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3.4. MomeHT uHepuun crepikia utHHOM L=0,6 M 1 Maccoil m=1 kI OTHOCHTENBHO OCH, NPOXOIAILCH Yepe3 LCHTP MAce, paBeH
0,05 kr-m?, OnpeaenuTs MOMEHT HHEPLMU OTHOCHTE/IBHO TIAPATICIIBHOMN OCH, POXOALIEH Yepes CTepsKeHE HA PACCTOSHHH
L/6 ot ero konua.

3.5. Kunernueckas 9Heprus paBHOMEPHO BPALI@IILErocs Iiapa ¢ yriooil ckopoctsio 4 pan/c paha 40 [k, Onpenenuts
MOMEHT HMITYJIbCA ITOTO LIapa.

4. 3aKoHBI COXpAHEHHH FHEPIHH, HMIIYJ/IBCA, MOMCHTA HMITYJ1bCA

4.1. Hebonbmoe Teno maccoii 100 r naunnaer aBuxkende 6e3 Ha4anbLHON CKOPOCTH MO TUIAKOH JIeAsHOH TOpKe U3 TOUKH A.
Tpenne orcyreTByeT. 3aBHCHMOCTE MOTEHUMANLHOM IHEPrHM Tela OT KOOPAHHATHL X H300paxkeHa Ha rpaduke Ei(x).
Onpenenuts CKOPOCTE Tena B Touke C.
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4.2, Maneubkuii Ma4 aBuxercs co ckopocTblo 6 M/c. Haserpeuy emy aBuskercss maccuBHas 1mra. CKOpocTh Ms4a rocle
a0CcOMIOTHO YIIPYIoro yaapa o KTy paBHa 1o moaymo 10 m/c. OnpenenuTs CKOpOCTh [IUTHL.

4.3. JIspkHHMK Maccoi 75 Kr CIIYCKAeTCsi ¢ TOPh! BRICOTOH 18 M M ITpoe3kaeT no ropH30HTAILHOM JIklKHE 10 ocTaHOBKH 100 M.
Onpelie/inTh CHIly TPCHHS CKOJIBKCHMS 110 TOPH3OHTANLHOH IOBEPXHOCTH, CYMTAS, YTO IO CKIOHY rOpbl JBDKHUK
CKOJIL3UT Oe3 TpeHUs.

4.4. Yenorek spaiaercd Ha ckambe JKykoBckoro ¢ yrinoroit ckopocteio 1 pag/c. TIpu 3ToM cyMMapHblii MOMEHT HHEpIHH 4
kr-M?. UenoBek Nepexo T GMiKe K LEHTPY, TAK YTO MOMEHT MHEPIHH yMEHbIIAeTes 10 2 Kr M’ OmnpejenuTs, yemy
CTaHET paBHOH yIII0BasA CKOPOCTH BpalLlCHHUSL.

4.5. Illap ¥ nonbli HHIHHAD, HMEOIIHe OJIHHAKOBBIE MACChl H PaJiHyChl, BKATRIBAIOTCS 110 HHEPLIHH O3 MPOCKalb3bIBAHNA HA
ropky. HayanbHble CKOPOCTH Tel OJHHAKOBHL. ONpelcIHTh OTHOLICHHE BLICOTHI MOABEMA LIapa K BBICOTE MOLbeMa
MOJIOrO [HIHHAPA.

5. MﬂJ’IEKyJIHDIIO-KHlIETH‘leCKaﬂ TCOPHA HIACAJLHBIX I'a30B. YDaBIIEIlHB COCTOAHHA HICAABHOIO I'a3a.
3akon MakcBeiia o pacnpeaeJieHHH MOJeKYJ H1eallLHOT0 raja no CKopoctamM

5.1. B Tpex oIMHAKOBBEIX COCYAax HaXOIWUTCs OJMHAKOBOE KolMdecTBO rasa, npuueM T1>T2>Ts. Onpenenurs Kakas KpuBas
OyJ/IeT OMUCHIBATH pacnpe/ie/icHHe CKOpocTeil MoJiekyll B cocye ¢ temnepatypoil Ti.

f(v) -

v

5.2. OnpenenuTs, KaKk HU3MEHHUTCA KOHLEHTPALMS MONEKYI ra3a, MMEIOIIero Hadanenyio Temmeparypy 350 K u nayanphoe
nasnenne 150 klla, ecnn ra3 n3odapuaeckn narpers 10 700 K?

5.3. HWpeanbHbiil ra3 NOCTOSIHHOW MACCHI, HAXOAIIANCS B [IHHADPE, MEPEXOAHT M3 OJHOIO COCTOSHHS B APYroe, Tak uTo
JABIEHHE BO3pacTaeT B 3 paza, a o0beM yMeHbInaeTcsa B 2 pasza. B HavaneHOM cocTosHmn Temnepatypa paeHa 300 K.
OnpeleanTs KOHEUHYIO TEMIIEPATYPY ras3a.

5.4. Tlpu Ttemneparype 200K nauGonee BeposrHas ckopocTs Moiexyn pasna 300 m/c. Oupegeinurs CpejiHION
apUPMETHYECKYIO CKOPOCTE MOJICKYJI I'aza 1pu Temiepartype 800 K.

5.5. Opun daiuon odbemom 10 11 conepiut kucnopon noa pasinenuem 1,5 Mlla, a nqpyroii fajuton odbemom 15 11 conepxur
ajor noja papiaeHuem 2,0 MIla. Korna Gannonsl coepunmnuy, oba raza cMellanucs, 00pa3oBaB OJHOPOJHYH) CMECh.
OnpelennTs TOIHOE JaBISHHE CMECH.

6. Tepmoannamukra. 3akonsl Tepmoaunamuku. lnknsl, KIL TenoBeix asurarenei

6.1. MonApHas TemNOeMKOCTh MOJEKY.bl HJACAILHOIO Tasa HpH nocrosHHom oObeme pasHa Cv=8R/2, rne R -
yHHBCpCﬂJ[LHaﬂ razoBas 1noCTosIHHAasA. OIlpCﬂchHTb YHCIIO BpaLLLa'l'CJlele creneHei CBOGO,LLI:I MOJ]C[{yJ]b].

6.2. 2 mons wupeansHoro rasa npu Ttemmnepatype 400 K yeenuuun cBoit obvem B 2 pasa. Onpenenuts paGoTy
H30TEPMHYECKOr0 PACLIHPEHHS.

6.3. 10 Moub HeansLHOro OHOATOMHOIO 'a3a MIPH MOCTOSHHOM JaBJIeHHH HATPeIH Tak, 4TO ero TeMIepaTypa H3MeHWIACh Ha
50 K. OnpenenuTs KOIHYECTBO TEMIOTEL, MOABEEHHOE K rasy.

6.4. 3 Mons OBYXaTOMHOIO MIEalbHOrO rasa MpH MOCTOAHHOM TemIepaType yBelIHdHI cBoH 00beM B 4 pasa. Onpenenurs
H3MeHeHHe YHTPOIHH rasa.

6.5. HWneanpHad TeruioBas MalllMHa 3a LIMKJ coBepiuaeT paboty S00 [k M OTHaeT XOJOJHIBHHKY KOJIHYECTBO TEIIOTHI,
paenoe 200 [Ix. Onpenenuts KI1J1 Terioroii MammmHsL.
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7.5.
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8.3.

8.4,

8.5.

7.  DuexkrTpocTtaTHUecKoe nojie B Bakyyme. Ilpanunun cynepnoznnuu. Teopema aycca nis
1eKTPOCTATHYECKOT 0 MOJIA B BAKYYMe

3J'I€KTPH‘-ICCKOC MoJe CO3/aHO IBYMA TOYCUHBIMH 3apAfaMH qi1 = +q H qz = +2q Onpeﬂenmb HanpsoKCHHOCTE H

MOTEHIIHAT [T0JIS B TOUKE A.
A

a4} + 4
O a {Ha
TTosie co3nano DecKOHEYHOH paBHOMEPHO 3apsXKEHHON [UIOCKOCTBIO € IOBEPXHOCTHOH IIIOTHOCTBIO 3apsiia —0. Y Ka)HuTe

HalpaBIC€HHE BEKTOPA HANIPAMEHHOCTH 3JECKTPHYCECKOTO MMOJIs En rpajueHTa NoTeHIHaNa Vq) B TOuKe A.
1

=-F 1

”306[}3314“1 Tpa(bHK 3aBHCHMOCTH HaNPAKCHHOCTH 3JIEKTPOCTATHHYECKOTO MOJs OT PaCCTOAHHA (OTC‘IHTBIBRBMOT‘O OT HX

LEHTPA), CO3aHHOI0 ABYMs KOHUEHTPHUECKHMH C)epamH ¢ 3apsajiamu {, = 2q, q, =—q n R2=2R;.

3JleK'IT)ld"leCKO€ IIOJIE€ CO3AaHO JIBYMs OCCKOHEUHBIMH napajic/ibHbIMH TJIOCKOCTAMM, 3aPAMKCHHBIMHA C IIOBEPXHOCTHBIMH
MIOTHOCTAMHU +6 M —-306. Ha PHCYHKE TIOKa3aHa Ka4C€CTBCHHAA 3aBHCHMOCTE MPOCKIHH HANPAKCHHOCTH IOJA E: ot
KOOP/IHHATHI X BHE IUIACTHH U MEWIY IUIACTHHAMH. HEOﬁpﬂ.}HTL 3dBUCHMOCTD MOTEHUHAJIA 110J1d @ 0T KOOPJIWHATBL X BHE
IJIACTHH M MEXKIY IJTaCTHHaAMHK.

+o -20
MeTannudecknii map UMeeT AIEKTPHUECKHi 3apan q, paguyc mapa 10 cm. HanpskeHHOCTH NMEKTPHYESCKOro Mmojis Ha
paccrosand 1=10 cm oT nosepxHocTH BHe mapa pasHa E = 20 B/m. Onpenenuth 3HauenHs Hanpswennoctd E; u
MOTEHIHANA () MCKTPHUECKOTO TI0JIs HA PACCTOAHNH [1=5 CM OT LICHTpa wapa?

8. [udiieKTpHKH H NPOBOJAHHKH B YJIEKTPHYECKOM 110J1e, JHePrusl WIEKTPOCTATHYECKOIo 1018
l_[p}{ nepexoac ui3 U;‘lHO[‘fi ,E[HBHCKTPH‘{CCKUFI Cpeibl B APYTYH JIHHHH HAINPAKCHHOCTH E HIAYT TAK, KdK TMOKa3aHO Ha
pHCYHKe. Y9HTBIBAf, 9TO JMOIEKTPHUECKafs NPOHHLAEMOCTh MepBoH cpemsl g =2, a YIIbI a=30" u B=45",

OTpPEECINTE AUICKTPHUCCKYHO MPOHHLIAEMOCTE BTOPOH cpeaibl €, .

|
1

(&) I

) =
-y =
i

OnpenenuTe MOTOK BEKTOPA 3MEKTPHUECKOTO CMELICHHS 4Yepe3 MOBEepPXHOCTh KyDa ¢ amuuHOH pebpa 1 cM, B IeEHTpe
KOTOPOTO Haxoautes 3apsaa 2 MK,

Konpiescarop ¢ IMIIEKTPHKOM € OTHOCHTENbHOH JIM3JIEKTPHYECKOH NMPOHHIAEMOCTBIO 6 MPHCOEIMHEH K MCTOYHHKY
TOKa. JHeprus 3MeKTPHYECKOTo TN 3TOTO KoHIAeHcaTopa pasHa 32 JIk. OnpenenuTh 3HEPTHIO 3EeKTPHYECKOTo MO
KOHICHCATOPA TIOCJIC YAAJICHHA IUNICKTPHKA,

OnpenenuTs 3apsaa TPETRETO KOHICHCATOPA, H300pakeHHoro Ha pucyHke, ecnn: Ci=9 u®, C>=3 nd, C3=6 ud, Up=20

kB.
s
G
C,
1,

&

Cua NpUTSIKEHHs MekJy MIacTHHAMM Tnockoro koHzaencatopa 18 mH. Onpenenuts o0beMHYI0 TIOTHOCTE IHEPTHH
3NMEKTPOCTATHYECKOTO MOJIS 3TOTO KOHAEHCATOpa, eC/TH TUION@AL Kaka0i n3 obkmanok 3 cm?.
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9.

9.1.

9.2.

9.3.

9.4.

9.5.

10.1.

10.2.

10.3.

11.1.

MocTossHHBII IeKTpHYecKHiT ToK. PafoTa M MOIIHOCTH 3JIeKTpHYecKoro Toka. 3akon xoyas-JleHua.
Ipasuaa Kupxrodga

Ha PHCYHEKC MOKa3aHa 3aBHCHMOCTE CHJIBI TOKA B aﬂexrpnqecxoﬁ LICMH OT BPEMCHH. OHpeﬂCJ'[HTB 3apsn, npomeﬂmnﬁ mo

MPOBOJHUKY B HHTepBasie BpeMenH ot 0 mo 10 c.
1, mA

30

0 s 10 15 20 A€
3JC bdarapeu npencrasieHHol Ha pucyHke — 5 B, ee Buyrpenne conporusienue 1 Om. [Tpu conpoTusieHnH peocrara
Ri=4 Om uzneancuwiii BoasTMeTp nokassiBact 4 B. Ilpu kakom conpoTHBieHHM peocTaTa Ry wiaealbHblil BOIBTMETP

nokaxer 3 B?
1€
Tr R

Pesuctoper conporuenennem Ry = 100 Om n Ry = 90 Om BruioueHs! NOCNeAOBATENBHO B ceTh. OnpenennTs, Kakoe
KOJIHYECTBO TEIJIOTHI BeIJINUTeS B pe3uctope Ra, ecnu B pesucrope Ry Beigenunocs 10 k/lx tennoTsr?

Cuna Toka B NMPOBOIHHKE PABHOMEPHO yeBenuumueaetcs oT [¢=0 10 HEKOTOPOro MakCHMAIBHOIO 3HAYECHHS B TEHCHHE
Bpemenn 10 ¢, 3a 9T0 BpeMs B NPOBOJHMKE BBRIACIMIOCE KomMdecTBO Termmotel 2 kllk. Onpeaenuts ckopocTs
HApacTaHus TOKA B IPOBO/IHHKE, €CJIM €10 CONpOoTHBIIeHHE paBHo 3 OM.

B anekTpuueckoii cxeme, MpeACTABICHHON Ha PHCYHKE, £:=2 B, g3=4 B, Ri=4 Om, R2=6 Om, R3=3 Owm, [1=3 A, [=2 A.
Omnpepenuts Beanuuny J[C HeTodHMKA TOKA ).

3 cemecTp

10. MaruuTHoe noJie B Bakyyme. [IpMHIMI cynepno3uuuy MarHuTHeIX nojaeil. Cuna Jlopenua u cuia
Amnepa. Teopema I'aycca i1t MATHHTHOTO MOJS B BAKYYME

Ha pucynke n300paxeHbl CeUeHHA ABYX NapalelbHbIX OPAMONHHEHHBIX JTHHHBIX MPOBOIHHKOB ¢ NPOTHBOIOIOKHO
HanpasBIeHHbIMA TokaMH, MpHuéM I1=2I2. OnpegenuTs Ha KaKOM y4acTKe HHIYKIHA MarHHTHOTO MOJA paBHA HYIIO.
1 1
1 I 2

O———@—

TIpoeonounyo paMKy B BHIC KoJbla paauyca 10 cM noMemaroT B 0QHOpOAHOE MarHUTHOE nole ¢ uuaykuuei 0.1 To.
IIpu nporexkanuu no pamke toka (0,4 A oHa nosepHymack Ha yron 60°. OnpenenuTs MeXaHHYECKHH MOMEHT CHII,
JNCHCTBYIOIMIMI HA PAMKY B HAYANIGHBIH MOMCHT BPEMCHH.

Ha pucyHke nokaszaHel cedeHHs 3-X [UIMHHBIX [apajUleIbHBIX [POBOJHUKOB ¢ TOKaMH W 3aMKHYTBIA xoutyp L, mis
KOTOpOro yKasaHo HampasienHe oOxoza. Cunbl Toka pasubl Ii=12=I3=1s=2 A. Onpenenuts UHPKYIAOHIO BEKTOpa
HATIPAKEHHOCTH MAarHUTHOTO TI0JIA [0 KOHTYPY.

OnpeneTh MOTOK BEKTOPA MAarHHTHOH HHIYKIMH rons Benuunnoi 10 Tn uepe3 noBepxHocTh Kyda ¢ anuHoH pedpa
5cM.

OnpenenuTs cuily, NEACTBYIOILYIO HAa KaxmAblH MeTp [UIMHBI BO3AYLIHLIX [IPOBOAOB TPOJIEHOYCHOH JMHHH,
pacronoKeHHbIX Ha paccTosHuK 40 cM IpyT OT Apyra MpH cHile ToKa B mposoaax 1500 A.

11. DuekrpoMarHuTHas HHAYKIMA. CaMOHHAYKIHSA. JHCPrHsl MATHHTHOLO IOJIS

TIpoBoasias paMka BpPAmaeTcs ¢ MOCTOAHHON YIJIOBOH CKOPOCTBIO B OJHOPOJHOM MATHHTHOM [10Jie BOKPYI' OCH,
nexalieil B IIOCKOCTH PaMKH M TTepHeHIHKYISPHOH BekTopy HHAYKIUH B (cM. puc.). Ha pucyHke Takke npeactaBieH
rpadHK 3aBHCHMOCTH OT BPEMEHH MOTOKA BEKTOPa MAarHMTHOH WHIYKIIMH, NPOHH3BIBAIOIIETO paMKy. MakcumanbHoe
3HaYeHHe MarduTHoro notoka 2 MBo. IMonyuuts 3akoH u3menerust 3J1C HHIYKIIMH CO BPEMEHEM.




11.2,

11.3.

11.4.

11.5.

12.1.

12.2.

12.3.

Cuna ToKa B NPOBOJISILEM KPYTOBOM KOHTYpPE MHIYKTHBHOCTBIO 100 MI'H H3MeEHSAETCS ¢ TEUEHHEM BPEMEHH 110 3aKOHY
I =(3—0,1t3) (B equuunax CH) u HanpaeneHa kak nokazaHo Ha pucyHke. Onpepenuts abcomoTtHyw pemnauny 3J1C
CaMOHHIYKIHH B MOMEHT BPEMEHH 2 C M HaMpaBlIeHHE HHAYKIIMOHHOTO TOKa.

I

BBpTHKﬂJ’IhHﬂH paMKa nion@aiLw 200 lZ}M2 umeer 100 BUTKOB H Bpam@aeTes B 0AHOPOIHOM MOpH30HTAJIEHOM MAarHHTHOM
none ¢ uHAyknueii 4 Tn. Och BpalieHns NepneHMKyIApHa THHUAM MATHUTHOW WHIYKIMH noust, MakcuMansHas /1C
MHIYKLMH, BOZHHKAWMAA B paMke pasHa 62,8 B. Onpeaenuts nepuo obpaineHus paMKH.

3aMKHYyTas HAKOPOTKO KaTymka auameTpom 10 oM, mmerontas 100 BUTKOB, HAXOAWTCSl B MATHUTHOM TOJIE, WHIYKIAA
kotoporo yeenwanBaercs oT 2 Tn g0 8 Tn B Teuenne 0,1 c. [InockocTs BHTKOB MeprieHIHKYTAPHA CHIIOBBIM THHHAM
nosist, Onipeennts cpesnee suauenne IJIC HHYKIME B KATYIIKE,

B xaTymke nHaykTHBHOCTH Bo3HHKaeT 3/]C camoungykium, pasHas 10 B, npu paBHOMepHOM YBEIHMYEHHH TOKa OT 4
mo 20 A 3a 0,2 ¢. OnpenennTs HHIYKTHBHOCTD KATYIIKH.

12. MarnuTHoe noJie B Bewecrse. Teopus Makceseuia i 3J1eKTPOMAarHuTHOro nojst. Cucrema
ypaBHeHHIi MakcBel/1a B HHTerpajibHoii u 1uddepennnanbHoii popme

Ha pucynke npescrasiicHs! rpauKi, OTPAaKAOMKE XapaKTep 3aBUCHMOCTH BEJIIMYHMHBL HAaMarHudcHHocTy J BeuiecTsa
(110 MO,.‘_IleIO) oT Ha[lpH?KCHHOC’l'H MArduTHOIO 110J18 H YKEDKHTC 3aBHCHMOCTbD, COO’I’BCI’C'I‘B)(}OLLI}’}O d)cppomamcrm(am.
I 1

3

H
4
Kak w3BecTHo, nosinas cucrema ypasHeHHid MakcBelna Jis 3JeKTPOMarHHTHOTO MOJsA HMEET BHJI:

ij: df:-ja—Bds
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3anucars CHCTEMY YPABHEHHH U IePEMEHHOI0 MISKTPOMATHHTHOIO 11071 B OTCYTCTBHE 3apPAKEHHBIX TElL.
[Monnas cucrema ypasuenuii Makcsenna B auddepentmansHoit hopme JUIs 31eKTPOMATHHTHOTO MOJIA HMEET BHJL:

mtﬁ:—a—B
~ - 0D
rot H=j+—
) J ot
divD=p
|div B=0

Janucarb CHCTEMY ypaBHCHHﬁ A NEPEMCHHOIO 3ICKTPOMArHUTHOI'O IIOJIA [PH HAJIHYHH 3apPAKCHHBIX TCII H TOKOB
MPOBOJHMOCTH.

13. CeobGoanble, 3aTyXaK0lIHe H BLIHYKIEHHbIE KOIe0aHHA. D/IeKTPOMATHHTHbIE BOJIHbL. JHeprus u

13.1.

13.2.

HMIIYJbC JIEKTPOMAarHuTHOro 1noJist. Bekrop ¥Ymopa-IloiinTHHra
YpaBHeHHe rapMOHHYecKHX KoJjeDaHui MatepuanbHoH Toukn y=0,2sin5t (B CH). Onpepenurs MakcuManbHOE
yCKOpeHne Kosebmomeiics TouKH.
Ypaeuenne konebauuii rpysa na npysune xecrkoctsio 200 H/m umeer sug: X+25x=0 (8 CH). Onpenenuts maccy
rpyza.



13.3. Ha pucyHke nokaszaHa OpHEHTalUs BEKTOPOB HampsKeHHOCTH 3nekTpudeckoro ( E ) u marautaoro ( H ) moneil B
IMEKTPOMArHUTHOI BosHe. OnpenenuTs HaNpaBieHHE BEKTOPA IUIOTHOCTH [MOTOKA IHEPTHH AIEKTPOMArHHTHOTO [0
(BexTop Ymosa-Tloiintunra). OTBeT NOSCHHATD.

Zla

=)

1

13.4. Ha pucyHke npejcraBieHa MrHOBeHHas «hoTorpadusa» IICKTPHYECKOH COCTABIIAIOLICH NIEKTPOMArHMTHOH BOJIHBL,
nepexopaueii 13 cpenst 1 B cpeny 2 nepHeHAHMKYsipHO rpaHuue paspnena AB. Onpenenuts oTHOCHTENbHBIH
HOKAa3aTe/ b NPEIOMIIEHHS Cpelbl 2 OTHOCHTEILHO cpembl 1.

A
11— 2
7 0.3 W:_ﬁ 05 X, hkm
B

.5. 3apsag  wa  o0KnagKkax  KOHjEHCATOpZ B MEANLHOM  KoueQaTelLHOM —KOHTYpE —W3MEHSleTess 1[0 3aKOH
13.5. 3 6 6 y y
q=0,28 sin 100t (Kxn). OnpenenuTe MaKCHMATBEHYIO IHEPTHIO YNEKTPHYECKOTO MOJIs, €CITH HHAYKTHBHOCTE KaTYHIKH

1T

14. Hurepdepennusa u ITHPPAKIHA CBETOBBIX BOIH. [IH(pPAKUHOHHAA pelleTKa

14.1. Ha noBepxHOCTL CTEKJA C [0KA3aTEJIEM [PEJIOMICHHS Ney=1,7 HAaHECeHA TOHKas IUIEHKA C [10KA3aTeleM [PeJIOMIICHU
n,=1,5. Ha nmenky no Hopmaiu K Heil nagaer ceer ¢ JUiMHOH BoxHe! 500 M. Onpenenuts OpH Kakoi MHHUMANLHON
TOJILMHE TUIeHKa Oyaer "npocsetnstonieii”?

14.2. VYcranoska /i HaOmoneHus kKojell HeloToHa ocBenaeTcs MOHOXPOMATHYECKHM CBETOM JUTHHOH (0,4 MKM, najaronimm
HopMaibHo. Onpeae/iuTh TOJNHHY BO3IYIIHOIO 3a30Pa MEHKIY [NIOCKOBBITYKIOH THH30H M CTEK/ISIHHOM [UIACTHHKOH B
TOM MECTE, I/I€ HAOII0AETCA [IATOE CBETIOE KOJILLO B OTPAKEHHOM CBETE.

14.3. Ounpenenutk 061Iee YHEIO0 MAKCHMYMOB, KOTOPOE JIacT AH(PAKIMOHHAA PCLICTKA ¢ MOCTOAHHOH 10 MKM M OCBCIICHHAS
MOHOXPOMAaTHYECKMM CBETOM C JUTHHOH BOIHEL 480 HM.

14.4. Ha auadparMy ¢ KpyriibiM OTBEPCTHEM PaJHycoM 2 MM Na1acT HOPMAILHO Napajiic/IbHEIH My40K CBETA IJIHHOMH BOJIHEI
0,5 mxm. Ha nmytu mydeil, npomeamux yepes OTBEPCTHE, HA PACCTOAHHME | M momeliaT 3kpad. Onpenenurs Kakoe
IATHO DyleT HadIoAaTees B LEHTPE JKpaHa B Touke M H mouyemy?

14.5. Tlyuok MoHOXpomaTHuecknx (A=0,6 MKM) CBETOBBIX BONH MagaeT moi yriom 60° Ha Haxomsumlyiocs B BO3LYXE
MBUTEHYEO TTeHKY (n=1,3). OnpenenuTs, MpH KakoH HauMMeHBIIEH TOINIMHE TUIEHKH OTPAXKEHHBIE CBETOBBIE BOJHEI
OynyT MakCUMakHO YCHIICHH HHTEphepeHIINEH?

15. Hoasipusanun ceera. 3akon Mauoca. 3axkon bpiocrepa. Horyiomenue u gucnepens soan. Hopmansnas
H aHOMAJIBHaA THCEPCHHA

15.1. Tlpu pajeHuy cBETa U3 BO3AYXa HA AUIIEKTPHK OTPAKEHHBIH JIyY [IOJHOCTEIO HIOJAPU30BaH. YOIl [Ipe/loMIeHHs paBeH
30°. OnpeneluTh yro nageHus Tya.

15.2. [InactuHka KBapua TOMMUHON d1=2,5 MM NOMECTHIIM MEXKIY ABYMS IapalUIc/IbHBIMH HUKOJISAMH, B PE3YILTATE HCrO
IUIOCKOCThL MOJSpH3AllMK CBeTa nosepHyinack Ha yroa 30° Onpexenuts tommuuy dp KBapiueBOH IUIACTHHKH,
MOMEILIEHHOH MKy HUKOJISMHU, PH KOTOPOH NaHHBIH MOHOXPOMATHYECKHI CBET OY/IET MOJHOCTHIO TACHTHCH.

15.3. Ha myTH ecTecTBEHHOIO CBETAa [OMCIICHBEI IBE IIACTHHKH TypMmanuHa. [locne npoxosnenus mnactHHKH 1 ceer
MOJHOCTBIO NOJsipu3oBan. 31eck J1 v J2 — MHTEHCHBHOCTH CBET4, NPOLIEAIIEro MIACTHHKH 1 H 2 COOTBETCTBEHHO,

yron Mexay HanpaeneHuaMa 00 u 0’0’ papen ¢=30° OnpeaenuTs OTHOMEHAE HHTEHCHBHOCTEH cReTa J1 1 Ja.
o]
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15.4.

15.5.

16.

16.1.

16.2.

16.3.

16.4.

16.5.

17.1.

17.2.

17.3.

Ha NMOJApH3aTOp NagacT CBET, ﬂpe,E[CTaBJ'IHIOI]lHﬁ co00i CMech eCTeCTBEHHOTO H IIOCKO MOJIAPH3IOBaHHOTO.
HMHTEHCHBHOCTH €CTECTBEHHOTO M TMJIOCKO NOJIAPH30BAHHOTO CBETA CBA3aHbI COOTHOIICHHEM Ic=2In. OHpCﬂeJ’[HTb
CTENEHb NOIAPH3IALHNH TAdKOT'O CBETA.

]"pacbmm JAHCTIEPCHOHHBIX KPUBBIX 3aBHCHUMOCTEH MOKA3aTeIIs NPENOMIIEHHSA CPENbl OT HaCTOThI () ¥ JJIWHBI BOJIHEL 2.,
CBETA MMEKT BHI, Hpe,ﬂCTBBHCHH]:[ﬁ Hd pHCYHKaXx. OHPE,‘JBI{HTB KaKHM BHIOaM JHCHEPCHH COOTBETCTBYHT YYaCTKH

xpussix CD u A'B'?

C
a, @

KBanToBas cBOiiCcTBA 31EKTPOMATHUTHOI'O H31Y4eHUH. 3aKOHBI TeI0BOro u3aydenus. ®orozpdexr.
®otoubl. /Jlapnenune ceera. Ipdext Komnrona

Ha pucyHke moka3aHel KpHBBEIE 3aBHCHMOCTH CIIEKTPAIbHOH TJIOTHOCTH 3HEPTETHYECKOH CBETHMOCTH abCoOmOTHO
4EepHOTO Tella OT JUTHHEI BOJIHBI NIPH Pa3HBIX Temreparypax. Kpueas | cOOTBETCTBYeT CHEKTPY H3JydHeHHs adCONIOTHO
yepHoro Tena npu Temneparype 2000 K. Onpenennts, kakoii Temmneparype (B K) cootercTBYeT KpHBas 27

L

@

l,_,@f?\,

500 20000 R gy

OH]JEI[CJIHTL JHEPIETHYCCKYK CBCTHMOCTE abcomoTHO HEPHOIO TEna, €CIH €ro TCpMOIHHaMHYECKad TeMIepaTypa
T=400 K.

PryrHas mamna umeer MomHOCTH 150 BT. CKONBKO NPHMEPHO KBAaHTOB CBETA HCIIYCKACTCA EKECEKYHIHO TpH
W3MYUYEHHH cBeTa ¢ AHHOH BonHbl 600 HM?

HzonupoBanHas MeTa/LIHYecKas [IACTHHKA HENPEPLIBHO OCBELIAETCA CBETOM C ANHHOH BoiHel 450 uM. B pesynstare
(poroaddexta, oHa 3apskaercs 1o norenipana (0,76 B. Onpenenuts paboTy BHIX0/a 3NEKTPOHOB H3 METaJLIa.

Ha pucyHKe nmoka3zaHsl HampapleHHs majatoiiero (otoHa (y), paccesHHoro GoOTOHA (“{') H 3IeKTpoHa oTAauH (e).
Yron paccesius 90°, HANMpaBICHHE JBHMKEHHA HIEKTPOHA OTJAYH COCTABIACT C HANPABICHMEM Hanawomero (oroHa
yron ¢=30°. Umnynse napaomero Gorona 3 (MaB . e )/ . Onpejennts UMIYILC MEKTPOHA OTJa4H (B Tex ke
eIMHULAax).

17. DaemenThl aToMnoit pu3NKH U KBanToBoil Mexanuku. [locrynaTsl Bopa. 'unotesa ne bBpoiias.
HMpunuun HeonpenenennocT. Y pasuenue llpexunrepa. Boiinosas yHKUMS, U ee cTATHCTHYECKOE
ToakoBanne. llpasuiaa oréopa 11 KBAHTOBLIX MEPEX010B

B onpite [dpprccona u JxepMepa Hecneaopanack Andpakins 2I1eKTPOHOB, MPOIIEAIIHX YCKOPSIOMIEe HATIPAKEHHE, HA
MHKPOKpHCTa/Ie HuKens. OnpenelnuTh, KaKk H3MEHWTCS [UIMHA BOJIHBI [e Bpoiins aIeKTpoHa, ecld YCKOpAoliee
HATPSUKEHHE YMEHBIINTE B 8 pas.
Ha PHCYHKE MpeJACTaBleHa JHArpaMmMa 3HEPIrETHYECKHX ypoBHeﬁ dTOMa BOJOpoOaa. HPH KaKOM TEpEXo]e MPOHCKOJIHT
noraomeHre GpoToHa ¢ HanbonbIeif yacToToH?

E.»B n=w
MLLL LS
¢ n==5
085 T n=4
A8 n=3
34 n=2
- \
A3E n=1
1 2 3 4

[MonoxkeHue MUIMHEK Maccoit 1-10° ke onpeneneno ¢ HeonpeneaeHHocTsio 0,1 MkM. OnpeaenuTs HEONPEAENEHHOCTE
ckopocTH AV,



17.4. BeposATHOCTh 0OHAPYXKHTH IEKTPOH Ha yuacTKe (a,b) 0IHOMEPHOTO MOTEHI[HANBHOTO SAIHKA ¢ GECKOHEUHO BHICOKHMH
b

CTCHKdMH BBIYTHCIACTCH ITO (l)OpMy.HC W = I(Ddx , rae () — NIOTHOCTE BEPOATHOCTH, OINpeacisemasn ‘.lf -ll)yHKHHCi"I,

a
BHII KOTOPOii TIpHBENEH Ha pucyHke. OnpeiennTh BEPOATHOCTh 0OHAPYKHTH 3IEKTPOH Ha YUacTKe L <x< L
8 2

W
NS
| | |
| | |
| | |
| | |
]

06 L L 3 L

4 2 4

17.5. OmnpenennTh NOTEHIHAIBHYIO 3HEPTHIO JJIEKTPOHA, HAXOIALIErocs Ha TpeThed DOpoBckoH opbure atoma BoAOpoOzA.
Panuyc nepeoi 60poBcKoil opOMTE aTOMa BOAOpOAa 53 M. DHEPrHs 3JIEKTPOHA B OCHOBHOM COCTOSHHMH paBHa -13,6 3B.

18. DnemeHTHI AdepHOI PUINKH: COCTAB H XapPAKTePHCTHKH ATOMHOTO siipa. Buabl paaHoakTHBHOTO
Hiydenus. Sjpepusie peakuun. J1eMeHTAPHBIC YacTHILL THILI B3auMoaelcTBUA

18.1.  OmnpepennTe, AAPO KAKOTO H30TOMA yriepojaa (0003HaYeHHOro cHMBOMOM X) y4YacTBYeT B AIEPHOH peakIHH
4 17 1

X+ 2H€—) EO+0"?

18.2. Tlepuoa nonypacnajia pajHOakTHBHOTO 3iemenTta 3 waca. Onpele/MTh Yepe3 CKOJIbKO BpeMeHH pacnajercs 75%
PanHOAKTHBHEIX aTOMOB?

18.3. Hazspare yacTHIIb, KOTOPBIE SIBISIKOTCS YHACTHHKAMH CHIILHOT'O B3aHMOJIEHCTRHSI.

18.4. B mpHpome CYIIECTBYET UYCTHIpE THMA (YHIAMEHTATBHEIX B3aUMOICHCTBHIl. B KakoM B3aHMOACHCTBHH YYacTBYIOT
IIPOTOHBI U HEHTPOHBI.

18.5. HMspecTHo ueThHipe BHIOA (GYHIAMEHTAILHBIX B3auMmojciicTeuit. Kakoe B3amMojeiicTBHE —XapaKTepH3yeTcA
CPABHHMTCABHON HHTCHCHBHOCTBIO =1, a pagnyc ero neicTus papeH ~107° m?

2.3a0aHus Ha onpedeneHue XapakmepucmuK (u3u4eckKozo npoyecca (aesneHus), Ha ocHose

10



meopemu4ecKoco (3KCI'I€pUM€HmCIﬂbH020) uccnedosaHus

KomneteHuua

NHAMKaTOp AOCTUXKEHUA KOMMNETEHLUU

ONK-3 CnocobeH npuMeHATb  COOTBETCTBYOWMIA
$n3uKo-MaTeMaTMUECKMI annapaTt, MeTOApl aHanm3a
" MoZAenupoBaHus, TeopeTUYecKoro "
JKCMEepPUMEHTANbHOTO WCCNEAOBAHUA MNpU  PeleHuu
npoeccuoHanbHbIX 3ajay

ONK-3.3 YvacTByeT B  TeopeTUYECKUX U
3KCNEepUMEeHTanbHbIX uccnepoBaHUsAX,
NpUMEHsieMbiX ANS  peleHus NPohecCMoHanbHbIX
3ajay

11



Ha ocHOBe TeopeTHYECKOro (IKCIEPHMEHTAIBLHOIO) HCCICA0BAHUS ONPEdeJIHTe XapaKTePHCTHKH
¢uzuyeckoro npouecca (ABJeHHs) M0 CJAYIOIMHM TeMaM:

2 cemecTp

1. HccnenoBanue ABHIKEHHS] MallHHB! ATBYZA C OMpeAeIeHHBIMH TapaMeTpaMHu.
2. Teoperuueckue pacyeTsbl TEPMOJHUHAMHUECKHUX BETHUUH.
3. TEOPETHEIGCKOG HCCIICIOBAHHE MapaMETPOB BHQKTpH'{eCKOﬁ LCITH.

3 cemecTp

4. Teoperuyeckoe pacyeTbl B 001ACTH HIMEKTPOMArHETU3Ma M YIEKTPOMArHUTHBIX KoJleOaHMi.
5. Teoperuyeckoe pacyeTsbl B 001aCTH BOJIHOBOH OITHKH.
6. Teoperndeckoe pacyeTrl B 001aCTH KBAHTOROH ONMTHKH M ATOMHOH (pH3HKH.

2 cemecTp

1. Uepe3 Grok B BHJE CHUIOIIHOTO JMCKa Maccoil 50 r, mepekHHyTa HeBecoMasi HepACTSUKMMAs HUThb, K KOHIIAM KOTODOH
MOJIBEMIEHE OJIMHAKOBBIE TPY3el Maccoit mo 100 r (MammHa Ateynma, cM. puc. 1) Paguyc mucka 20 cm. Ecam Ha mparyio
CTOPOHY CHCTEMbI MOJIOMKUTE NEPErpy30k Maccoi 50 r, To cuctema, MpUAET B JABHXEHHE (pHc. 2).

=
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Puc. 1 Puc. 2
Mo pezynkTaTam 1aHHOTO SKCIEPHMEHTANBEHOTO MCCIEI0BAHIS OMPEIETHTh:
1.  yCKOpEHHE CHCTEMBI IPY30B;
2, MOMEHT CHII, AeHCTBYHOLIHH Ha OJIOK.

2. Uepes 650K B BHIAE CIUIOIIHOTO AUcka paguycoM 15 cMm u maccoii 100 r, mepexunyTa HeBecoMas HEpacTsSHKUMad HATh, K
KOHILY KOTOpoii nojseiied rpy3 Maccoil 150 r (em. puc. 1). [Tox neiicTBreM rpysa cHCcTeMa NPHUXOJIHT B IBMKeHHE (pHc.2).

Puc. 1
HO pesynhraram JaHHOIO SKCﬂCpHMCHTaﬂbHOFO HCC/Ie10BaHns onpe,uenwrb:

1. yriaosoe yckopeHue 0loka;
2, MOMEHT MMIYyJbca Oioka.

3. Hexkoropas macca asora npu gasinennn 200 klla umena odbem 8 i1, a npu nasnennn 500 klla — o6bem 4 n. [Tepexon ot
MIEPBOTO COCTOAHUA KO BTOPOMY OBLT C/IeJIaH B JIBa 3Tana: CHauaja 1o u3odape, a 3aTeM IO H30X0pe.
H300pa3uth JaHHBIC NpoLecCchl B KoopAHHATAX (P, V), Ha OCHOBE €CTeCTBCHHOHAYYHBIX 3aKOHOB ONpPEJICTHTE:

1. u3MeHeHHe BHYTPEHHEH 3HEPTHH TIPH H30XOPHOM MPOIIEcCe;

2,  KOIMYECTRO TETUIOTHI, IOTYMCHHOC T430M MPH MEpPexo/ie OT NEPROTO COCTOSIHHS KO BTOPOMY.

4. HWpeansHplid MHOTOATOMHBIA Ta3, COMAEpPIKAIIHA KOJWYECTBO BEIIECTBA | MOIb, COBEpPINAET IHKJ, COCTOALIMI M3 ABYX
H30X0p W IBYX H300ap. HanmeHbIHA 00beM V=5 1, HAaUGONBIIHI Vig,=10 &, HAHMCHbINEE NaBICHHE Pmin= 100 klla,
Handonbiee pma=300 klla.
WccnenoBats naHHbBIE TIPONECCH M HA OCHOBE €CTECTBEHHOHAYYHBIX 3aKOHOB OMPEIEINTh:

1. MHHHMAJIBHYIO TEMIEpaTYpy HHKNA;

2. rtepmuueckmit KITJI mukna.
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5.  DnexTpudeckas cXxeMa COCTOMT K3 HeTouHHKa Toka ¢ DJIC 13 B, upeansHOro amnepmeTpa i BOIBTMETPA, 8 TAKKE JABYX
peauctopor. [Tokazanus npuOOPOR MPHBEICHB! HA PHCYHKE.

o—oL
1001\12

Ha ocHOBe 3aKOHOB MOCTOSHHOTO TOKA TEOPETHUECKH PACCYHTATH MAPAMETPhI ANEKTPHYECKOH LIenH:
1.  KIIJI ncrounnka;
2, CHIJY TOKa, MPOTEKANIYIO Yepe3 pesuctop 1.

6. ComporusicHue pesucropa R M3Mepsercss BOJLTMETPOM M aMICPMETPOM IO CXEME, MOKA3aHHOW HAa PHCYHKE.
Amnepmerp nokassigaer [=1 A, poastmerp U=100 B. Conporusienne soiisrmerpa Ry =1 kOm.

HCIIOJIb'Byﬂ 3AKOHBI IIOCTOAHHOT'O TOKa OIPCAC/INTh:
1. CHle TOKa, 11p0'1'c1(a}01uy}0 H4EPE3 BOJIbTMETP,
2. COUPOTHBIEHHE PE3UCTOPA.

7. B mpuBeAcHHOM aICKTpHYecKoi cxeme conpoturacHS R;=20 OM n Ry=150 Om. ConpoTHBICHHE BOIBTMETPa paBHo 10
kKOwm, a amnepmetpa — 0,4 Om. 3JIC uctounuka parHa 36 B, a BHyTpeHHee conpoturieHne — | OMm. Ha pucyHKe nmpHBeaeHBI

HIKaJIbl BOJIETMETPA W aMIIEpMETPa € HX NOKa3aHHAMH.
I o I

HCI’IOJ’ILS}’ﬂ 3aKOHBI TTOCTOAHHOTO TOKA OIPEAC/IHTE:
1. NajaeHHue HANPAKEHHA Ha HCTOYHHKE TOKa,
2. BEPHOC JIM 3HAYCHHE MOKA3LIBACT BOJ'II:T.\IG’I‘])? OTBeT NOSACHHUT.

3 cemecTp

8. DnexTpoH npoiiis YCKOPAIOIIYIO pa3HOCTD MOTEHLHAIOB U NOIy4HB 3Hepruio 400 3B, BiaeraeT B 0THOPOJHOE MarHUTHOE
NOJIe HANPMKCHHOCTBLIO 450 A/M NEpNeHAUKYIAPHO [HUHHUAM HHIYKUUH. VCmone3ys ecTecTBEHHOHAYYHLIE 3aKOHLI
OTIPE/IEIUTh:

1.  cKOpOCTB 3NACKTPOHA;

2, pazMyc KpHBH3HBI TPAEKTOPHH JJIEKTPOHa. (8 Oamios)

9. BHTOK W3rOTOBJCHHBII M3 TIOMHHHCBOI NPOBOJOKH AMMHOH 10 CM M IUIOMANLI NONEPEeYHOro cedcHus 1,5 mm?
MOMEIICH B OJHOPOAHOM MATHHTHOM nose ¢ uHaykuueir 0,5 Tn, mpHyem MnocKoCTb BHTKA MEPHCHIMKYIISAPHA JTHHHAM
MarHuTHOH HHaykuun. [one HaunHaer yORIBATH ¢ IOCTOSHHONH CKOpOCTBIO Tak, 4ro uepes 0,02 ¢ ero 3HaueHHe AOCTHraeT
0,06 Tu. Mcnone3ys ecTecTBEHHOHAYYHBIC 3AKOHEB! OIPEACIHTD!

1. CONpOTHBICHHE BUTKA;

2. 3apsaj, NPOLIC/IIHH 110 BUTKY 33 3TO BPCM3L.
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10. PCSI-'IC'I'O]J, KaTylKa HHAVKTHBHOCTH H KOHICHCATOP COCAHHCHBLI NOCIHCHOBATCIBHO H MOJIKNKOHCHBI K HCTOYHHKY
NepeMeHHOr0 ToKa, u3MeHstomerocs no 3axkony I =0,1 cos 3,14t (A). Ha pucynke npencrasnena (aszopast quarpaMma
NajleHuid  HANpSKEHHH HA YKA3aHHBIX HJieMeHTax. AMIUIMTY/IHbIE 3HAaYeHHs HanpsiKEeHWH COOTBETCTBEHHO DPAaBHBI HaA
pesuctope Ur=2 B; Ha KaTylKke HHIYKTHBHOCTH U;F%f B; na xongencarope Uc=2 B.

A
Ul
UR
’ X
y Ve

”CI’[(‘JI[]:'-]YH CCTCCTBCHHOHAYYHbBIC 3aKOHBI OTIPEACITUTL!
1. eMKocTHOE COMPOTHBIICHHE,
2. CABHI (1)&:13 MCHY HAIIPAKCHUEM H CHJIOH TOKA.

11. B onwire HOnra paccroanue mexnay menamu (0,5 mM. Paccrognme ot mesneid 10 skpana 2 m. PaccrosiHMe oT LeHTpa
JKpaHa 10 To4k# M paBHO x=2 MM. [InHHa BOJMHEL, najaioirero ceera 600 mm.

M
| A | x
-85 d
——
| Sj

Henons3ys ecTeCTBCHHOHAYYHBIC 3aKOHBI OTPEACTHTE!
1. onTHUECKYIO Pa3sHOCTH X044 BOJIH OT HCTOYHHKOB S1 1 S2 10 Toukn M;
2. KOOPIAUHATY TPETLEIO MAKCUMYyMa.

12, [IutpakiiMOHHAs PEMIETKA ¢ TOCTOSHHON 5 MKM OCBEIIACTCA MOHOXPOMATHYECKHM CBETOM C UTHHOH BOMHEI 520 HM.
DKpaH pacnoNokKeH Ha paccTOAHMH | M oT pemeTku. Mcnoms3ya ecTec TBEHHOHAYYHBIE 3aKOHBI OTIPEICTHTh:

1. HamOonbLIMii TOPATIOK CIEKTPA, MOTYUeHHEIH ¢ MOMOMNIBIO PeIIeTKH;

2. paccrosHue 10 2 IITABHOTO MAaKCHMYMa OT LIeHTpa IH(PAKIHOHHOH KaPTHHBIL.

13. Ilydox cBera nociefOBaTEIBHO IIPOXOJMMT 4Epe3 JIBA HHUKOIS, ILUIOCKOCTH HPOHYCKAHHA KOTOPLIX 00pasylor Memay
coboit yron 60°. Koadquuuent mornomeHHs kaxaoro nukons pased 0,15. Mcnonbsys ecTecTBEHHOHAYYHBIE 3aKOHLI
OlIPeeNnTh:
1. cBA3b MekKIY HHTEHCHBHOCTBIO NAJAIOLIEr0 CBETA U CBETA, NPOLIEIIEro Yepe3 NepBblii HUKONb;
2. BO CKOIBKO pa3 My1OK CBETA, BHIXOAALIMII W3 BTOPOrO HHKOIM, 0cHableH Mo CPaBHEHHIO C IYUYKOM, NAJAlOMIHM Ha
MepBLIH HHKOME.

14. MouwHocTs HnyueHHs aGCOIOTHO YepHOro Tena paeHa 25 kBr. MakcumyMm DHepruu H3IydeHUs HPUXOAHTCA HA JAIHHY
eonHEl 0,5 mrwm. IlocrosaHas Credana-bonsnmana 6=5,67-10% Br/(m*K*), nocrosunas Buua b=2,9-10"% m-K. Henonszys
COOTBETCTBYIOILIE 3aKOHBI TEIUIOBOTO H3MYUYeHHS ONpPeICInTh:

1. temnepatypy AUT;

2,  NIOmajak W3TY4aoeil NoBepXHOCTH.

15. B pesynbrare sdperra KoMmnrona poTOH NpH coyaapeHuy ¢ 31eKTpoHoM Obul paccest Ha yros 60°. Dueprus (ortona 1o
paccesuust 1,5 M»aB. Komnronosekas anuHa BonHbl juid dnekTpoHa 2.4 nM. IIpHMEHss €CTCCTBEHHOHAYYHBIC 3aKOHBI
OIpENEIHTE!

1. u3MeHeHHe JJIHHBI BOJHBI (JOTOHA;

2.  KHMHETHYECKYIO SHEpPTHIO YJIEKTPOHA OTAa4H.

16. Dueprus 3MeKTPOHA B OCHOBHOM COCTOSHHH aTOMa BOAOpOJa pasHa -13,6 3B. Pamuyc nepsoit 6opoBckoii opOHTHI aTOMa
Bogopoaa 53 o, [IpuMenss ecTecTREeHHOHAYYHBIC 3AKOHEBI OTPEICTNTE!

1. NonHyIO YHEPTHIO MNEKTPOHA Ha TpeTheit OopoBckoii opbuTe;

2.  NOTCHUHANBHYIO YHCPIHUIO HMCKTPOHA, HAXOMALIECIOCs Ha TpeThel opOuTe.

4. ®aiin u/unu BT3 ¢ NOAHLIM KOMMAEKMOM OUEeHOYHbIX Mamepuasoe npuaa2aemcs.
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