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-1: CnocobeH pewaTb 3ajauu
KOHTpOnupywmx

npojecCUOHANbHON AEeATENbHOCTH,
NPUMEHsIs MeToAbl MOAENMPOBaHMs,
MaTeMaTUyeckoro aHanusa,

MaTepuanos Ans
3aueT; 3K3aMeH 3a4yeTa; KoMnnekT

KOHTpONUpywmx
ecTeCTBEeHHOHayuHble U O6WenHKeHepHble
MaTepuanos Ans
3HaHuA
3K3aMeHa
KomnnekT
KOHTpONUpywmx

OMK-4: CnocobeH NpoBOAUTb WU3MepeHUs U
HabnwjaeHns B chepe npopeccrMoHanbHOM
JesiTenbHOCTU, obpabaTbiBaTh M
NPeACTaBNATb dKCNEepUMeHTanbHble AaHHble

MaTepuanoB Ans
3aueT; 3K3aMeH | 3ayeTa; KOMNNeKT
KOHTpPONUpyWmux
MaTepuanos Ans
JK3aMeHa

2. Onucanue noxazamenei u Kpumepuee ouernueanusn Komnemenuuﬁ, onucanHue uwkKan
OUCHUBAHUA

OueHnBaeMble KoMneTeHUMM npeacTaBneHsl B pasgene «[llepeueHb  nmnaHUpyeMbix
pe3dynbTaTtoB o6yyeHus no AUMCUMNNAMHE, COOTHECEHHbIX C WHAMKATOpPaMU JAOCTUKEHUSA
KoMneTeHuun» pabouein nporpammbl AUCLMMAUHL «OPU3MKa».

Mlpy  oueHuBaHWM  CHOPMMPOBAHHOCTU  KOMMNETEHUMA NO  AuUcCuunnUHe  «dusumka»
ucnonb3yetcsa 100-6annbHaa wkana.

Kpurepuii Ouenka mo 100- Ouenka nmo
0aJUIBHOM IIKAJe | TPAAUIMOHHOM IIKaJjIe
CTyAeHT 0CBOMN MU3yyvaeMmblil MaTepuan 75-100 Omauuno

(OCHOBHO/ W AOMOSHUTENbHLIN) ,
CUCTEMHO M TPaMOTHO M3naraeTt ero,
oCywecTBnseT MofiHoe M npaBUiibHOe
BbiNONTHEHME 3aJlaHuii B COOTBETCTBUMU C
WHAMKATOPaMKU AOCTUXKEHMS
KoMneTeHuuii, cnocobeH oTBETUTb Ha
AOMNONHUTENbHbIE BOMPOCHI.

CTyAeHT 0OCBOMN M3y4vaeMmblil maTepuan, 50-74 Xopouwo
ocyuwecTBnseT BbMOMHEHWe 3ajaHui B
COOTBETCTBUM C UHAMKATOPaMM
AOCTMXEHUS KOMNeTeHUUn ¢
HenpUHUUNUANbHLIMA owWUbKaMK .

CTyAeHT AeMOHCTpUpyeT OCBOEeHue 25-49 Yooenemeopumenvro
TONbKO OCHOBHOrO MaTepuana, npu
BbINONIHEHUM 3aJaHUN B COOTBETCTBUM C




WHAMKATOPaMU AOCTUXEHUSI KOMMeTeHUMiA
AonycKaeT oTAenbHble owubKM, He
cnocobeH cucTeMaTM3MpoBaTb MaTepuan
W AenaTb BbiBOAbI.

CTYAEeHT He OCBOMN OCHOBHOE <25 Heyoosnemsopumenvho
CojepXaHue U3y4yaemoro mMaTtepuana,
3aaHMA B COOTBETCTBUU C
WHAUKATOPaMU AOCTUKEHMS KOMMeTeHLM
He BbINOMIHEHbl WNU BbINOSIHEHb HEBEPHO.

3. Tunoevle KOHmMPOJIbHBIE 3A0AHUA UTU UHbIE MAMEPUATbl, HE0OX00uMble 011 OUEHKU YPOBHA
00CMUIICEHUS KOMNEMEHYUTL 8 COOMEEMCMEUU C UHOUKAMOPAMU

1.3a0aHusA Ha npumeHeHue hyHOAMEeHMAsIbHbIX (PU3UYECKUX 30KOHO8

KomneTteHuua MHAUKaTOpP AOCTUXKEHUA KOMNETEHLUU

ONK-1 CnocobeH pewaTb 3agauu npoheccumoHanbHoii | OMK-1.3 [lpumeHsieT eCTeCTBEHHOHayuHble U
AeATEeNbHOCTU, MpPUMEHSSs MeTOAbl MOAENUPOBaHUS, | OOWEMHXEeHepHble 3HaHWA Ans  peweHUs 3ajaud
MaTeMaTMYeCKOro aHanu3a, ecTeCTBeHHOHayuHbie U | NpoPecCUOHanbHON AeATEeNnbHOCTH

oblenHKeHepHble 3HaHUA




HpHMEHﬂH €CTeCTBEHHOHAYYHLI€ 3HAHHUA M 3aKOHBbI, METOJAHKY pPellIeHHA TNPaKTHYEeCKHX 3aaa4,
PEHINTE 3aa4H HA CJICAYIOUHE TeMbI:

2 cemecTp

1. KuHemaTHKa TIOCTYNATCIBHOI'O H BPAalIaTCIIBHOI'O JIBHKCHHA.
. )J,HH&MI/IKB NOCTYHATCIIBHOTO IBHYKCHHUSL. Cunel B MEXaHHKE.

. ﬂHHaMHKB BpamaTCiIibHOTO ABHIKCHHA TBCPAOTO TCIA.

. 3aKoHBI COXpaHCHHA DHCPTHH, HMITYJIBCA, MOMCHTA HUMITYJIBCA.

oa W

. MonekynspHO-KMHETHYECKAS TEOPUS UACAIBHBLIX a30B. YPAaBHEHHE COCTOSHHUS HJICANBLHOTO rasa.
3axon MakcBeina o pacipeleneHHH MOJIEKYJ H1eaIbHOIO I'a3a 110 CKOPOCTSIM.

6. Tepmoaunamuka. 3axoHbl TepMoauHaMukH. Lukibl. KILJL TemioBeix aBurareneii.

7. DnekTpocTaTHueckoe mnone B Bakyyme. [lpmHummn cyneprnosunuu. Teopema Taycca g
ANMEKTPOCTATHYECKOTO MO B BAKyYME.

8. JIMpneKTpHUKH H MPOBOAHHKH B HJIEKTPHUECCKOM I1051e, DHEPTHs DIIEKTPOCTATHUECKOTO MOJIS.

9. TIloctosuue »mexTpudeckuii Tok. PaboTa M MONIHOCTE DIEKTPHUECKOTO TOKa. 3akoH JIkoyng-
Jlenua. Ipasuna Kupxroda.

3 cemecTp

10. MarHuTHOe mosie B BakyyMe. [IpHHIHN cynmeprno3suIiMH MarHUTHBIX mojei. Cuia JlopeHna u cuia
Awmmnepa. Teopema ["aycca ot MAarHUTHOTO NOJNA B BAKYYME.

11. MarauTHoe 110J1e B BellecTBe. JneKkTpoMariuTHas uHAyKius. CaMOUHIYKUMsl. IHEPIHsl MAarHUTHOTO
OJISL.

12. Teopusa Makcsemia ans 3neKTpoMarauTHoro nois. Cucrema ypapHeHUit MakcBenia B MHTErpPaTbHOU
H auddepeHHaILHOR Gopme.

13. CpobonHble, 3aTyXawlllle H BBIHY)KICHHBIC KoleOaHHs. DIeKTPOMArHHUTHBIE BOJIHBEL DJHEpPrus U
UMIYJIBC 3EKTPOMArHUTHOTO moJisi. BekTop Ymosa-lloiATHHTA.

14. Unrepdepennust u qudpakurs ceToBbiX BoiH. JJudpakuuonHas peierka.

15. [lonmspusanms ceera. 3akon Mamwoca. 3akon bprocrepa. llornomenue wu aucnepcust BOJH.
HOpMaJlbllﬂH H aHOMallbHass TUCIIEPCHA.

16. KBanToBas cBoiicTBa 2JIeKTPOMArHUTHOIO H3JydeHHs. 3aKOHBI TeIUIoBoro usnydenus. doroaddext.
Doronsl Japnenue ceera. DPpdext KomnroHa.

17. DnemenTsl atoMHO# (u3nkn u kBaHTOBOH MexaHukd. [loctynatel Bopa. I'mmoresza ne Bpoiims.
[Tpunuun neonpenenenHoctu. YpapHenue lllpenunrepa. BonHoBas ¢yHKLMS, W €€ CTATHCTHYECKOE
tosikoBanue. [Ipasuiia orGopa A KBAHTOBLIX [1€PEXOI0B.

18. DneMenTh! siiepHON (M3MKHU: COCTAB M XapaKTePUCTHKH AaTOMHOrO sijipa. Bujwl panuoakTHBHOrO
U3IY4CHUS. S ICpHbIC peakiMu. DJICMCHTaPHbIC YacTHIBL. THITBI B3auMOICiiCTBHS.
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2 cemecTp
1. KuHnemaTuka NOCTYNATE/IBHOI'O H BPAIIATEILHOI'O IBHKCHHI

Touka M ABHIKETCHA 110 CIIHpaJn € MOCTOAHHOH MO BEJIHYHHE CKOPOCTBH) B HaNpabBJICHHH, YKA3daHHOM CTpBIII{(Jﬁ.
OHpB;‘IEﬂHT‘b, KaK H3MCHACTCA BEIHYHHA HOPMAJIBHOTO YCKOPEHHMA H TAHTCHIHAIBHOTO YCKOPCHHA.

M
—

- - . T =(7¢2 - N
Vrinosoe nepeMeleHie Tela MEHAETCS ¢ TEYEHHEM BPeMEHH t 110 3akoHy (@ =(2t°-2t+5) (pam). Onpejenuts yriosoe
YCKOpEeHHE Tena.
3aBHCHMOCTh YIZIOBOH CKOpPOCTH OT BpEMEHHM MokazaHa Ha pucyHke. OmnpenenuTe YrIoBoe MepeMelleHHe Tena 3a
npoMexRyToK Bpemenn ot 0 10 6 c.

@, pag'c

Teno GpoleHo ¢ NOBEPXHOCTH 3eMITH €O ckopocThio 10 M/c mox yriom 45° k ropusonty. ONpeaenuTs paguyc KPHBH3HEI
TpacKTOpuu B BepxHeil Touke. COnpoTHBICHHEM BO31yXa npeHedpeys.

Touka ABHKETCA TI0 OKPY/KHOCTH COTTACHO YpaBHeHHio @=5t° (pax). HopMansHoe yeKopeH#e TOUKH B MOMEHT BpeMeHH
t=4 ¢ paBHO 36 M/c’. OnpeennuTh pagnyc OKpYKHOCTH.

2.  JIMHAMHKA NOCTYNATEJbBHOIO ABHKeHHN. CHiIbl B MEXaHHKe

Ha pucyHke npuBeieH rpadHK 3aBHCHMOCTH CHIBI, AcifcTBytomell Ha Teno, oT BpeMeHH. OmNpenennTh M3MEHEHHE
HMITYIIbCA TeJIa 33 NepBble 3 CeKyHIbl ABHIKEHHS.

F.H
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3aBHCHMOCTh HMIYJIbCA HACTHMIBI OT BPEMEHH ONMCHIBAcTCS 3akoHoMm P = 3ti +8t2j ,THe I HW ] - BEeKTOpHI
KoopauHatHeIX oceill X, Y coorsercrsenno. Mzobpasuts 3asucumocth npoekuuit cuinsl Fy u F, neficreylomeil na
YACTHILY, OT BPEMEHH.

YeTpipe miapuka pacriooKeHbl BAOAL NpAMoii. Maccel mapuxkos ciesa Hanpago: 2 T, 1 1, 4 r, 3 1. PaccTrosHus mexnay
coceaHnMH mapHkamu 110 20 cM. OnpeaennTs Noa0kKEHHE LIEHTPA Mace CHCTEMEL.

JMHaMOMETp ¢ TPY30M, 3aKperUICHHbIH HA MOTOJIKE HEeMOABHKHOTO TH(TA, NOKa3kIBAET 3HAUEHHE CHIIBI TSHKECTH Py3a,
pagroe 14 H. Onpenennts Bec Tena B TudTe, IBHAKYIIEMCH PABHOYCKOPEHHO BHU3 ¢ yCKopeHuem 2 m/c.

B arrpakumone 4venosek maccoil 50 Kr ABHKETCH Ha TEJNEKKE I[10 PesibCaM W COBEpIUAET «MEPTBYIO» IETHIO B
BEPTHKAILHOH IUIOCKOCTH 110 KPYIOBOH TpaeKTOpHH pajuycom 6 M. OnpeaelTs cuily J1aBieHHs Yeli0BEeKa HA CHJeHHE
TEJICIKKH [IPH CKOPOCTH IIPOXOKACHUS HHKHEH ToYKH 36 KM/4.

3. /luHamMHka BpAATEbLHOI0 ABHKEHUS TBEPAOIo TeJla
Huexy npumany yrnosoe yckopeHue, npunoxus cury 10 H no kacatensHoit k 06omy mucka Ha pacctosanu 10 M oT ocn
Bpanienus B Teuenne 0,4 ¢c. OnpenenuTs Ha CKONBKO YBETHUHIICS MOMEHT HMITyJIbca AncKa?
Jluck HaunnaeT BpamaThes MO AeHCTBHEM MOMEHTa CHII, TpadMK BPEMEHHOH 3aBHCHMOCTH KOTOPOTO MPEJICTABNIEH HA
pucyske. H306pa3uth rpatduk, NpaBHILHO OTPAKAIOUIHIT 3aBHCHMOCTH YTJIOBOI CKOPOCTH JIHCKA OT BPEMEHH,
I

o %
0
IIpu BBICTpENE OpYIHA CHApAI BBUIETEN U3 CTBOJIA, PACMONOKEHHOTO MOA yrinoM o=60" K TOpH3OHTY, Bpallasch BOKPYT
cBOEH TPOJIOILHOH OCH ¢ YTIIOBOH ckopocThio =100 pan/c. Ha cTBON opyams BO BpeMs BhICTpena AeHCTBYeT MOMEHT
-2
cun 150 kH-m, Bpems neuskenus cuapsaga B creosie t=2-10" c. Onpenenurs MOMEHT MHEPLHH CHApsAla OTHOCHTEILHO
3TOI OCH.

2



3.4. MomeHT uHepuuu crepikHa utHHOM L=0,6 M 1 Maccoil m=1 kI OTHOCHTENBHO OCH, NMPOXOIAILCH Yepes3 LEHTP MAce, paBeH
0,05 kr'M°, ONpeNeNHTE MOMEHT HHEPLHH OTHOCHTEIBHO TIAPALIE/BHON OCH, NPOXOIAIIEH YEPes CTEpIKeHE HA PACCTOSHHH
L/6 ot ero konna.

3.5. Kunerudeckast aHeprusi paBHOMEpPHO Bpallalollerocs 1apa ¢ yriopoil ckopoctslo 4 pan/c pasHa 40 k. Onpenenutsb
MOMCHT HMITYIILCA 3TOrO Hiapa.

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

4.1. Hebonsmoe Teno maccoit 100 r nauunaer aBuxkeHue 0e3 Ha4albHOH CKOPOCTH 110 IVIAJAKON JIEJSHOH TOPKe U3 TOYKH A.
TpeHHE OTCYTCTBYET. 3aBHCHMOCTL MMOTCHIHANLHOM IHEPIHH TENa OT KOOPAMHATEL x u30OpaxkcHa Ha rpaduke F(x).
OrnpepennTs CKOpocTsh Tena B Touke C.
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4.2, ManeHbKHIT MY JBHKETCS CO CKOPOCThIO 6 M/c. HaBcTpeuy eMy NBHKETCA MaccHBHAA minTa. CKOpOCTh Msua Mocie
a0CoMOTHO YIPYroro ynapa o INTHTY paBHa 1o Moxymo 10 m/c. Onpenenurs cKOpOCTh MITHTHI.

4.3. JIbDKHHMK Maccoi 75 KI CITYCKaeTcst © TOPhI BRICOTOH 18 M M ITpoe3kaeT no ropH30HTAILHOM JIkIAKHE 10 ocTaHOBKH 100 M.
OnpeneauTs CHIY TPCHHA CKOJNBKCHHA 10 TOPH3OHTANLHOH ITOBEPXHOCTH, CYUHTasl, 4TO IO CKIOHY TOpPbI JIBLKHHK
CKOJIB3UT 0e3 TpeHHs.

4.4. Yenorek spaiaercd Ha ckambe JKyKoBcKoro ¢ yrioroil ckopoctsio 1 paja/c. TIpu 3TOM cyMMapHbiii MOMEHT HHEpIHH 4
kr-M”. UenoBeK MepexouT GIHKE K LCHTPY, TAK YTO MOMCHT HHEPIIHH YMEHbIIACTCA A0 2 Kr-M’. ONpeictuTh, YcMy
CTaHET PaBHOH YIJI0BasA CKOPOCTH BpallleHHS.

4.5. Illap v noneli NHIHHAD, UMETOIIHE OJJMHAKOBBIE MACCHI H PAHYChI, BKATHIBAKOTCSA M0 HHEPINH De3 NpoCKalb3bIBaHUA HA
ropry. Hawanbnele ckopocTH Ten oauHakoBbl. OnpelennTh OTHOMICHHE BHICOTHI NMOJABCMA LIapa K BBICOTC MOIBEMA
MOJIOTQ IHIHHIPA,

5. MojeKyaapHo-KHHETHYECKAS TEOPHA HACAJbLHBIX Ia30B. Y paBHEHHE COCTOAHHSA HAEAJBHOI0 ra3a.
3akon Makcpeia 0 pacnpenelleHHH MOJERYJ HIealbHOT0 raza Mo cKoOpocTaM
5.1. B Tpex oIMHAKOBBIX COCYIaxX HAXOIUTCS OJHHAKOBOE KOMMYECTBO Tasza, npuueM T,>T,>T;. Onpenenuts Kakad KpHuBas
Oy/ier onuchIBATEL pacnpe/ie/ienne cKkopocTeil MolieKyJl B cocyje ¢ Temnepatypoit Ty.

f(v)

v

5.2. OmpenenuTh, KaKk H3MEHHTCH KOHLEHTPAILHA MOJEKYIN ra3a, MMEIEro HavanbHyto Temnepatypy 350 K u HauambHOe
nasienue 150 klla, eciu ras usodapuuecku narpers o 700 K?

5.3. HpeanbHblil raz nocTosHHOI Maccsl, HAXOAALMICH B LIWIHHAPE, NEPEXOJUT M3 OJHOI0 COCTOSHHUS B IPYro€, TAK 4TO
JaBleHue pospactaeT B 3 pasa, a o0beM yMmeHbliaercs B 2 paza. B mauansnom cocrosHuu temnepatypa pasHa 300 K.
OleCJ_lC.[Il’I'l‘h KOHCH’.H){I‘D 'mmucpa'[ypy rasa.

5.4, Tlpu Temneparype 200 K mnaubonee BeposTHas ckopocTh wmosekyn pasna 300 w/c. Onpenenurs cpegHiol0
apu(METHIECKYIO CKOPOCTL MOJICKYJT Tasa Mpu Temrepatype 800 K.

5.5. Onun 6amnon odwemom 10 1 comepskut Kucnopon moa nasaenuem 1,5 Mlla, a apyroit Ganmon odbemMom 15 1 conepxuT
azor nox pasiaendeM 2,0 MIla. Korma Gannonsl coenununy, ofa raza cMellanich, o0pa3oBaB OJHOPOIHYIO CMECk.
OnpelennTs TOIHOE JaBISHHE CMECH.

6. Tepmoannamukra. 3akonsl Tepmoannamuks. lnkinsl, KIL TenoBeix asurarenei

6.1. MonsapHasd TEMIOEMKOCTh MOJEKYIbl HICAJILHOTO Ta3a MpH mnocToaHHoM o0Obeme pasHa Cy=8R/2, tone R —
YHHBepcalbHas ra3oBas nocrosHHas. OnpeieniTs YHCI0 BpallaTelLHBIX cTeneHei cBod0/Ibl MONeKY kL.

6.2. 2 mons wupeansHoro rasa npu Ttemmnepatype 400 K yeenuuun cBoit obvem B 2 pasa. Onpenenuts paGoTy
H30TEPMHYECKOTO PACIIMPEHHS.

6.3. 10 Mo HIeankHOro OHOATOMHOTO T'a3a MIPH MOCTOSHHOM JaBleHHH HATPeNH Tak, UTo ero TeMIepaTrypa W3MeHHIach Ha
50 K. Onpeznenith KOTHYECTBO TEIUIOTHI, NOIBEIEHHOE K Ta3y.

6.4. 3 Mona IBYXaTOMHOTO MICaJBHOTO ra3a MPH MOCTOAHHOM TeMmnepaType yBenudHia cBoil oObeM B 4 pasza. Omnpenemuts
H3MeHeHHe YHTPOIHH rasa.

6.5. Mneanpnaa Teropas MamMHA 3a UMKJ coBeprraet padoty 500 J[x w oTmaeT XOMOJMIBHHKY KOJTHYECTBO TETJIOTHI,
pastoe 200 k. Onpenennts KIT TenioBoit MammHel,
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8.1

8.2,
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8.5.

7.  DuexkTpocTtaTHUecKoe nojie B Bakyyme. [lpaunun cynepnoznunuu. Teopema aycca nis
1eKTPOCTATHYECKOT 0 MOJIA B BAKYYMe

DNEKTPHYECKOE TIONE CO3[AaHO ABYMA TOYCYHBIMH 3apaaaMu ¢ = +q H ¢ = +2q. OnpeaennTs HaNpSKEHHOCTh H

MOTEHIIHAJ TTOJI B TOUKE A,
A

a4} + 4
O a {Ha
TTose coznano DecKOHEYHOH paBHOMEPHO 3apSKEHHON [UIOCKOCTBIO ¢ [IOBEPXHOCTHOH INIOTHOCTBIO 3apsila —C. Y KaKHUTe

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

=-F 1

H306pasznts rpadux 3aBHCHMOCTH HANPAMKEHHOCTH HEKTPOCTATHYECKOTO MO OT PACCTOAHUA (OTCUHTHIBAEMOTO OT HX

LEHTPA), CO3aHHOI0 ABYMs KOHUEHTPHUECKHMH C)epaMH ¢ 3apsjiamu ; = 2q, g4, =—q n R:=2R;.

3J'I€KTpH'-IECKO€ MMOJIE CO3AaHO IBYMSL GECKOHCUHBIMH napanicibHBIMH TJIOCKOCTAMHM, 3aPAKEHHBIMHA C IMIOBEPXHOCTHBIMH
MI0THOCTAMH +6 U —36. Ha PHCYHKE TIOKa3aHa Ka4C€CTBCHHAA 3aBHCHMOCTE MPOCKIHH HANPAKCHHOCTH IOJA E, ot
KOOP/AHHATRI X BHE TUIACTHH U MEAIY IIACTHHAMH. HEOﬁpaE}HTB 3dBHCHMOCTE MOTEHUHATIA 1M0JIA @ 0T KOOPJHHATBL X BHE
TUTACTHH W MEXKTY IJITacTHHaAMH.

+o -20
MeTannudeckuil nrap MMeeT 3IEKTPHYECKHi 3apan q, paanyc mapa 10 cm. HanpsaKeHHOCTh 3MEKTPHYECKOTO MOJA Ha
paccrosand =10 cm ot nosepxnoctH Bhe mapa pasna E = 20 B/m. Onpenenuts 3nauenuns Hanpsukennoctn E; n
MOTEHLHANA () MICKTPHYECKOTO TI0JIA Ha PACCTOAHHM [1=5 CM OT LEHTpa mapa?

8. ,H,HZ)J'ICKTI]HICH H NPOBOJHHKH B JJIEKTPHYECKOM I110J1e. 3}1(3])[‘1'[51 JIEKTPOCTATHYECKOI'0 11019
Ilpu nepexosne H3 OQHOH DHINEKTPHYECKOH cpedbl B APYTYI0 JTHHHH HanpsukendocTH E MOyT Tak, Kak I0KazaHo Ha
pUCYHKe. YUHTBIBAS, YTO IHIIEKTPHYECKas IPOHHIAEMOCTh MepBOi cpeibl g =2, a YIbI a=30" u B=45°,

ONpPEECINTE AUIEKTPHUCCKYHO MPOHHLIAEMOCTE BTOPOH cpeaibl €, .

p—

(&) al
|
1

(&) £

i
OnpeacnuTe MOTOK BEKTOPA DICKTPHYCCKOTO CMELICHHS 4epe3 MOBEPXHOCTh KyDda ¢ jmmuOH pebpa 1 ¢M, B LEHTpe
KOTOpOTO HaxoauTes 3apsa 2 MK,
Konnencarop ¢ IMANEKTPHKOM € OTHOCHTENBHOH IHANEKTPHYECKOH NPOHHIAEMOCTRIO 6 NMPHCOEIHHEH K MCTOYHHKY
TOKA, DHEPrHs 3JICKTPHMCCKOTO OIS 3TOT0 KOHAeHcaTopa paeHa 32 J[x. OnpenennTs 3HEPTHIO 3ICKTPHYCCKOTO TTOISA
KOHICHCATOPA TIOCJIC YAAJICHHA IUNICKTPHKA,
Onpenenuts 3apaji TPETbEro KOHJACHCATOPa, U300pameHHoro Ha pucyHke, ecinu: C;=9 u®, C,=3 u®, C3=6 u®, U;=20

kB.
s
G
C,
U,

&

Cuila DPUTSIKeHHS MekJy IUIAacTHHAMU mockoro kougeHcaropa 18 MH. Onpenenuts 00beMHYIO IIIOTHOCTE DYHEPIUH
NEKTPOCTATHYECKOrO 0I5 FTOT0 KOHACHCATOPA, CCIH IO 1b KaX 101t u3 06Knanox 3 em’.
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9.

9.1.

9.2.

9.3.

9.4.

9.5.

10.1.

10.2.

10.3.

10.4.

10.5.

11.1.

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

Ha pucyHke moxa3aHa 3aBHCHMOCTB CHJIbI TOKA B JJIEKTPHUECKOit liemy oT BpeMenH. ONpenenuTs 3apai, NpomeImuii mo
MPOBOHHKY B HHTepRane BpeMenn o1 0 1o 10 c.

1, mA

30

0 s 10 15 2 b€
3JC bdarapeu npencrasieHHol Ha pucyHke — 5 B, ee Buyrpenne conporusienue 1 Om. [Tpu conpoTusieHnH peocrara
R;=4 OM uzeanbHBIA BOMBTMETP MoKasbiBaeT 4 B. IlpH KakoM COMPOTHBICHHH peocTata R, HAealbHBIH BOIBTMETD

nokaxer 3 B?
of
Tr R

Pesuctoper conporuenennem R; = 100 Om n Ry = 90 Om BruioueHs! NOCNEAOBATENBHO B ceTh. OnpenennTs, Kakoe
KOJIMYECTBO TEIJIOTHI BhIJIENHTES B pesuctope R,, ecnu B pesucrope Ry Bejienunock 10 k)l Terorsr?

Cula ToKa B IIPOBOJHHMKE PaBHOMEPHO yBelnuumsaetcsi oT [;=0 10 HEKOTOPOro MAKCHMAIILHOIO 3HAYEHMS B TCYECHHE
BpemeHn 10 c¢. 3a 210 BpemMs B NPOBOJHUKE BLUICIWIOCH KONMYECTBO TeruioThl 2 kIk. Onpenenurs cKOpocTh
HapacTaHHs TOKa B IPOBOJHHKE, €CJIH €r0 CONPOTHBIEHHE pasHo 3 OM.

B anekTpuueckoii cxeme, MpeACTABICHHON Ha PHCYHKE, &£;,=2 B, g3=4 B, Rj=4 Om, Ry=6 Om, R3=3 Owm, [}=3 A, [,=2 A.
Onpenennts Beauuuny 3J]C HCTOUHHKA TOKA €.

3 cemecTp

10. MaruuTHoe noJie B Bakyyme. [IpMHIMI cynepno3uuuy MarHuTHeIX nojaeil. Cuna Jlopenua u cuia
Amnepa. Teopema I'aycca nuist MATrHHTHOTO MOJISE B BAKYYMeE

Ha pucynke n300paxenbl celeHHA ABYX MapalebHBIX OPAMONHHEHBIX JTHHHBIX MPOBOIHHKOB ¢ TIPOTHBOMOMOAKHO
HanpapleHHbIMH ToKaMH, npuaéM I,;=21,. OnpenemHTs Ha KAKOM y4acTKe HHAYKIHS MarHHTHOTO MONA paBHa HyJIIo.
1 1
1 I 2

O———@—

TIpoBonounyio paMKy B BHIAE Koibla paauyca 10 cM moMemamT B OQHOPOIHOE MarHUTHOE mone ¢ uHaykuuei 0,1 To.
IIpu nporexkannn no pamke Toka (0.4 A ona nmosepHynack Ha yron 60°. OnpenenuTs MeXaHHYECKHH MOMEHT CHIL,
JeicTBYIOMINIT HAa paMKY B HaYalbHBIH MOMEHT BpeMeHH.

Ha pucyHke nokasaHbel cedeHHs 3-X JJIMHHBIX TapajlieIbHbIX NPOBOJHHKOB ¢ TOKaMH M 3aMKHYTBIA koHTyp L, nns
KOTOPOTO YKazaHo Hampasienue odoxona. Cuiael Toka pasubl 1;=L=I3=1,=2 A. OnpeneauTs UMPKYIAOHIO BEKTOpa
HATIPAYKEHHOCTH MarHHTHOTO TI0NA [0 KOHTYPY.

OnpenenuTe MOTOK BEKTOPA MarHHTHOH HHAYKIMK rons BenwanHoi 10 Tn uepe3 noeepxHocTk Ky0a ¢ nnMHOM pedpa
5cm.

OnpenenuTs CcHIY, MEHCTBYIONIYI0O Ha KaXAblii METp [UTHHBI BO3IYIUIHBIX TIPOBOJOR TPOMIEHOYCHOH NHHHH,
pachoNoKeHHBIX Ha paccTosHuK 40 cM IpyT oT Apyra MpH cHile Toka B mpoeoaax 1500 A.

11. DuekrpoMarHuTHas HHAYKIHA. CaMOHHAYKIHSA. DHEPrUs MArHHTHOLO 1OJIA

TlpoBojsimas paMka Bpamiaercs ¢ NMOCTOSHHOH YIIOBOH CKOPOCTBIO B OJIHOPOJAHOM MarHMTHOM II0JIeé BOKPYT OCH,
NeKAMei B TIOCKOCTH PAMKH M TICPIICHAHKYIAPHOI BeKTOpY HHAYKIHH B (cM. prc.). Ha pucyHKke Takke MpeacTaBicH
rpavK 3aBHCHMOCTH OT BPEMEHH MOTOKA BEKTOPa MATHHTHON MHAYKIIMH, MPOHM3BIBAIOIIErO paMKy. MakcHMankHoe
3HaueHHe MarHuTHoro notoka 2 mBO. TTomyunts 3akon u3menenns 3J1C MHIYKIMH cO BpeMeHeM.




11.2,

11.3.

11.4.

11.5.

12.1.

12.2

12.3.

Cuna ToKa B NPOBOJISILIEM KPYTOBOM KOHTYpPe MHAYKTHBHOCTBIO 100 MI'H H3MeHsieTcs ¢ TeUEeHHEM BPEMEHH I10 3aKOHY
I= (3—0,1{3) (B enuaunax CH) u HanpaeneHa kak nokazaHo Ha pucyHke. Onpepenuts abcomoTHyw pemnuuny J1C
CAMOMHIYKIIMH B MOMEHT BPEMEHM 2 ¢ M HaNparNeHHe HHAYKIIMOHHOTO TOKA.

I

Bepruxansnas paMia mwiowaasio 200 ev® umeer 100 BUTKOB H BPAL@ETCs B O/IHOPOIHOM F'OPH30HTAILHOM MarHHTHOM
nose ¢ uuaykimeii 4 Tn, Ock BpaiieHys NepneHinKyIsapHa THHHAM MarHUTHOH MHIYKIMH noJs, Makcumanbshas DJC
MHIYKLMH, BOZHHKAWMAA B paMke pasHa 62,8 B. Onpeaenuts nepuo obpaineHus paMKH.

3aMKHYTas HAKOPOTKO KaTymrka auamerpom 10 oM, umeromas 100 BHTKOB, HAXOJUTCA B MATHUTHOM MOJE, HHIYKIHA
kotoporo yeenuuueaercs o1 2 Ti no 8 Ta B Teuenne 0,1 c. TInockocTs BUTKOB NEPIEHIMKYIAPHA CHIOBLIM JIMHUAM
nosist, Onpeennts cpesnee suauenne IJIC HHYKIME B KATYIIKE,

B kaTymike mHAYKTHBHOCTH Bo3HHKaeT 3J[C camonHaykimu, pasHas 10 B, npu paBHOMEPHOM YBETHUCHHH TOKa OT 4
mo 20 A 3a 0,2 ¢. OnpenennTs HHIYKTHBHOCTD KATYIIKH.

12. MarnuTHoe noJie B Bewecrse. Teopus Makceseuia i 3J1eKTPOMAarHuTHOro nojst. Cucrema
ypaBHeHHIi MakcBe1a B HHTerpajibHoii u 1uddepeHnanbHoii popme

Ha PHCYHKE MPEACTABICHEI rpadmxpl, OTpaXKaMHE XapakTep 3aBUCHMOCTH BCIIHHMHBI HAMAIrHUHCHHOCTH J BemiecTsa

(1']0 MOILyJ'[IG] OT HANPAKCHHOCTH MarHUTHOTO I10J14 H. Vkaxure 3aBHCHMOCTb, COOTBETCTBYIOLILYHY d}eppomame’rm\'am.
I 1

3

H
4
Kak w3BecTHO, nonHas cucTema ypasHeHHH MakcBenna /s 37eKTPOMArHHTHOTO TOJIst HMEET B

e
J?Edf-_!atds
J;ﬁdf:j }+‘"’ait’ ds

4 s

7D d5 = pav
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3anucarb CHCTEMY ypaBHchﬁ AL TIEPEMEHHOI0 ICKTPOMArHUTHOIO 110J1A B OTCYTCTBUE 3aPAMKCHHBIX TCIL.

[Monnas cucrema ypasuenuii Makcsenna B muddepentmansHoii Gopme s 21eKTPOMArHHTHOTO IO HMEET BT

rot E =— 6—B
ot
- - 0D
4rOtH=j+E
div D=p
|div B=0

3anucarb CHCTEMY y])a.BIICIIPII:I Ol NEPEMEHHOTO 3ICKTPOMArHATHOTO MOJIA [MPH HAIHYHH 3apAMKCHHBIX TCII H TOKOB
MPOBOJAUMOCTH.

13. CeobGoanble, 3aTyXaK0lIHe H BLIHYKIEHHbIE KOIe0aHHA. D/IeKTPOMATHHTHbIE BOJIHbI. JHEPIus H

13.1.

13.2.

HMIIYJLC JIEKTPOMAarHuTHOro noJs. Bekrop ¥Ymoa-IloiinTHnara
VYpasuenue rapmounueckux xosebanuii marepuansHoil touxkn y=0,2sin5t (8 CH). Onpenenurs MakcHMalbHOE
yCKOpeHHe Konebmotelicst TouKH.
Ypaeuenne koneOauuii rpysa na npysune xecrkoctsio 200 H/m umeer sug: X+25x=0 (8 CH). Onpenenuts maccy

rpysa.



13.3. Ha pucyHke nokaszaHa OpHEHTalUs BEKTOPOB HampsKeHHOCTH 3nekTpudeckoro ( E ) u marautaoro ( H ) moneil B
3MeKTPOMArHHTHOI BosiHe. OTpenenHTh HanpaBIeHHE BEKTOPa MJIOTHOCTH TMOTOKA YHEPTHH 1€KTPOMArHHTHOTO MOJA
(BexTop Ymosa-Iloiintunra). OTBeT NOSCHHATD.

Zla

=)

1

13.4. Ha pucyHke npeicraBieHa MrHOBeHHAs «(poTorpadusa» 3IeKTPHYECKOH COCTABIAIONIEH IEKTPOMATHUTHOH BOIHBI,
nepexojadueid U3 cpennl 1 B cpeiny 2 neprnenjukynspHo rpanuie pasjiena AB. Onpenenuts OTHOCHTENbHBI
MIOKa3aTe/ b MPEIOMICHHS Cpelibl 2 OTHOCHTENILHO cpebl 1.

A
1—»2
7 035 Wzs 05 X, Jm
B

.5. 3apag  wa  oOKnagKax  KOHAEHCATOpZ B W/CANLHOM  KoueQaTelLHOM —KOHTYpE —H3MEHSleTess 1[0 3aKOH
13.5. 3 6 6 y y
q=0,28 sin 100t (Kn). OnpenenuTe MaKCHMATBEHYO HEPTHIO YMEKTPHYECKOTO MO, €CITH HHAYKTHBHOCTE KaTYIIKH

I I'n.

14. Hurepdepennusa u ITHPPAKIHA CBETOBLIX BOIH. [IH(paKIHOHHAA pelleTKa

14.1. Ha noBepXHOCTL CTEKJA C [10KA3aTEJEM [PEJIOMIIEHHS N.,=1,7 HaHEeceHa TOHKas IUIEHKA C [I0KA3aTeleM [PeJIOMIICHU
n,.=1,5. Ha nnenxy no Hopmanu k Hell magaer cBeT ¢ AauHoH Bomuel 500 uM. OnpenenuTh nNpH Kakoil MHHMMAaIbLHOI
TOJILMHE TUIeHKa Oyaer "npocsetistonieii”?

14.2. VYcranoska ans nHadbmogenus konel HeloToHa ocBeliaeTcd MOHOXPOMATHUECKHM CBETOM JUTHHOI (0,4 MKM, Magaionium
HOpManbHO. ONpeaeTnTh TOMMIHAY BO3AYIIHOTO 3a30pa MCHKIY TIOCKOBHINYKIOH JHH30/ M CTCKIAHHOMN MIACTHHKOH B
TOM MECTE, I'E uaﬁmo,uae'r(:ﬂ [ATOC CBETIIOC KOJIBLO B OTPAAKCHHOM CBETC.

14.3. Onpeaenuth 06IIEC YHCIO0 MAKCHMYMOB, KOTOPOE JacT AH(PAKIMOHHAA PCHICTKA C MOCTOAHHOM 10 MKM M OCBCHICHHAA
MOHOXPOMAaTHYECKMM CBETOM C JUTHHOH BOIHEL 480 HM.

14.4. Ha nmadparMy ¢ KpyrisIM OTBEPCTHEM pagnycoM 2 MM MajacT HOPMATBHO NapauIelbHBIH MYY0K CBETA JMTHHOH BOJTHBI
0,5 mxm. Ha myTu myueii, npomeAmux 4yepes OTBEPCTHE, HA PACCTOAHHMH | M MoMeliarT 3kpaH. OnpenenuTs Kakoe
nAaTHO GynmeT HaOMoaaThCA B ICHTPE IKpaHa B Touke M H mouemy?

0
14.5. Ilyuok moHOXpoMaTHYeckHX (A=0,6 MKM) CBETOBBIX BOIIH MajaeT nojx yriaoM 60° Ha HaXOZAIIYIOCS B BO3LYXe
MBUTEHYEO TIeHKY (n=1,3). OnpenennuTs, MpH KakoH HauMMeHBIIEH TONNIMHE TUIEHKH OTPAXKEHHBIE CBETOBBIE BOJHEI
Oy1yT MAKCHMABHO YCHIICHBI HHTEphepeHLInei?

15. Hoasipusanun ceera. 3akon Mauioca. 3axkon bpiocrepa. Horsomenue u gucnepeus soan. Hopmansnas
H AHOMAJILHAN THCTIEPCHS

15.1. Tlpu nazeHHH CBETa U3 BO3AYXa Ha AUINEKTPUK OTPaKEHHBIH Y4 [IOTHOCTBIO IOAPH30BaH. YTOJ IpeloMyeHHs paBeH
30", OrnpenenuTs yroi najieHus ay4da.

15.2. TInacTHHKa KBapiia TOMIMKHOH d;=2,5 MM MOMECTHIM MEKIY ABYMA MAapaieIbHEIMH HHKOMAMH, B PE3YNIBTATE YETo
MI0CKOCTL TONSPH3alMH cBeTa nopepuymack mHa yron 30°. Onpezennts tomumuy do KBapueBoil IIacTHHKH,
llOMCLLLCHHOF‘l MEHAY HHKOJIAMHA, PpH KO'l‘OpOFi ,LlﬂHHbli:{ MDHOXPOMH’[‘H‘{CCKHH CBET Gyﬂ,l}’[ MNOJIHOCTBHY F'ACHTLCA.

15.3. Ha myTH ecTecTBEeHHOro cBeTa I[OMELIEHHl ABE IUIACTHMHKHM TypmanuHa. [locie npoxoskneHus miaacTHHKM 1 cser
MOJHOCTHIO ToNsipu3oBa. 3neck J; U J, — UHTEHCHBHOCTH CBETA, MPOIIEIIEro miacTHHkH 1 u 2 COOTBETCTBREHHO,

yron Mexay HanpasneHuaMa 00 u 0’0’ papen ¢=30° OnpeaenuTh OTHOIMEHAE HHTEHCHBHOCTEH cReTa Jy 1 Jy.
o]

=




15.4. Ha mnonspuzaTop mnagaeT CBET, MNPEACTABNAONIHI co00ff CMech ECTECTREHHOTO H MJIOCKO TMONAPH30BAHHOTO.
VHTEHCHBHOCTH €CTECTBEHHOTO M TUIOCKO TIONSPH3OBAHHOTO CBETAa CBA3aHel cooTHoweHuem I,=2I,. Onpegennts
CTENEeHb MOJIAPH3ALHH TAKOTO CBETa.

15.5. T'padhuky THCTEPCHOHHBIX KPHBBIX 3ABHCHMOCTEH MOKA3aTeNs NPEJIOMIEHNA CPEJIBI OT YaCTOThI () ¥ JUTHHBI BOJHBI A,
CBETAa MMEKT BHJ, NpPEJCTARNEHHBIH HAa pucyHkaX. OnpejenuTh KAaKAM BHJIAM JHCIEPCHH COOTBETCTBYHOT YYAcTKH

xpussix CD u A'B'?

C
a, @

16. KpaHTOBas cBOHCTBA 3JIEKTPOMATHUTHOIO H3/IY4eHHH. 3AKOHBI Tel10Boro nsiyyenus. @orospdexr.
®otoubl. /Jlapnenune ceera. Ipdext Komnrona

16.1. Ha pucyHke nokasaHbl KPHBBIC 3aBUCHMOCTH CHCKTPAIBHOM ILUIOTHOCTH JHEPreTHYECKON CBETUMOCTH abCOIOTHO
4EpPHOro Te/la OT JUIMHLI BOJIHBL IIPH Pa3HLIX Temieparypax. Kpupas 1 cooTBeTCIBYET CIEKTPY H3lydeHHs adCOI0THO
uepHoro Tema npu temnepatype 2000 K. Onpenennts, kakoit temnepatype (B K) cootBeTcTByeT KpHBas 2?

r
|

@

l,_,@f?\,

500 20000 R gy

16.2. OmnpenennTs YHEPTETHYECKYIO CBETHMOCTH aOCOMIOTHO YEPHOTO Teld, €CHH €ro TepMOAMHAMHYecKas TeMmepaTypa
T=400 K.

16.3. PrytHas namma umeeT MomHOCTh 150 BT. CKOABKO NpHMEPHO KBAHTOB CBETa MCIYCKAETCA €KECEKYHIHO TPH
W3MYUYEHHH cBeTa ¢ AHHOH BonHbl 600 HM?

16.4. H3onmpoBaHHaA METATMYECKAA MIACTHHKA HETIPEPRIBHO OCBEIIACTCA CBETOM C IUTHHOH BOMHEI 450 HM. B pesynsTate
(poroaddexta, oHa 3apskaercs 1o norenipana (0,76 B. Onpenenuts paboTy BHIX0/a 3NEKTPOHOB H3 METaJLIa.

16.5. Ha pucyHKe MokasaHbl HampaeleHus najatoniero (otoHa (y), paccesHHOro (OTOHA (‘y]) W 3NIEKTpOHA oTaaud (e).
Vron paccesHust 90°, HarpasiIcHHE JABHAKEHHS WICKTPOHA OTJA4M COCTAaBIsAeT ¢ HANPABICHHEM Iajaiomero (GoToHa
yron ¢=30° Wmnynse napaomero Gorona 3 (M3B-c¢)/m. Onpejeints UMIYILC MEKTPOHA OTJa4H (B Tex ke
eMHMIEAx).

17. DaemenThl aToMuoit pu3NKH U KBanToBoil Mexanuku. [locrynaTsl Bopa. 'unoTesa ne bpoiias.
Hpuauun HeonpeneaennocTd. Ypapnenue Hlpeaunrepa. BoiHopas pyHKINA, H ee CTATHCTHYECKOE
Toakosanue. Ilpasuna 0160pa 118 KBAHTOBLIX NEPEX010B

17.1. B onsite JpBuccona u IxepMepa uceneaopanach AU(PaKIHs dMeKTPOHOB, MPOIIEANINX YCKOPSIONEe HANpsiKeHHe, Ha
MHKPOKpHCTae HHKens., OnpesennuTs, Kak W3MEHHTCS JUIMHA BOJHBI Jie Bpoiins »ekTpoHa, eciH yckopsoliee
HanpaKcHHEe YMCHBIITHTE B 8 pas.

17.2. Ha PHCYHKE TIPEACTABJICHA AHarpaMma 3HEPreTHYeCKuX yponHeﬁ dTOMa BOJ0pO/4d. an KaKOM NEpexoe MpoHCxoJauT
rorsnoieHne poToHa ¢ HanbGonbirel yacToToi?

E.»B n=w

MLLL LS
: =5
085 T n=4
A8 : n=3
34 n=2
e ! n=1

1 2 3 4

o -9
17.3. Tlonoxenue neimuHKK Maccoii 1-10™ xz onpeneneno ¢ HeonpeneneHHocTeo 0,1 MM, OnpenennuTs HEONPEIEIEHHOCTE
ckopocTH AV,
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17.4, BeposATHOCTh 0OHAPYXKHTH EKTPOH HA yYacTKe (a,b) 07IHOMEPHOTO NOTEHI[HANBHOTO AHKA ¢ HECKOHEUHO BHICOKHMH
b

cTeHKaMH Boiuucisiercs no gopmyne W = I(Ddx , rae ® — NJI0THOCTh BEPOATHOCTH, onpeaensemas Y -QyHKIHeH,

a

BHII KOTOPOii TIpHBENEH Ha pucyHke. OnpeienTh BEPOATHOCTL 0OHAPYKHTD MEKTPOH HA YUacTKe L <X < L
8 2
W
NS
| | |
| | |
| | |
| | |
]
0 L L 3 L
4 2 4

17.5. OmnpeaenuTh MOTEHOHAIBHYIO DHEPIHIO 3JIEKTPOHA, HAXOMAIIErocs Ha TpeThell GopoBckoil opbute aTroma Bomopona.
Panuyc nepeoii 00poBckoil opOMTEI aTOMa Bojopoaa 53 mv. DHeprus 3JeKTPOHA B OCHOBHOM COCTOsIHHH paBHa -13,6 3B.

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

18.1.  Omnpenenure, AAp0 KAKOro H3otona yriepoia (o0o3HaueHHOro cHMBoJIOM X) y4acTByeT B SICPHOH peakLuH
4 17 1
X+2He—> BO+ 0“?
18.2. Tlepuoa nonypacnajia pajHOakTHBHOTO 3iemenTta 3 waca. Onpele/MTh Yepe3 CKOJIbKO BpeMeHH pacnajercs 75%
PanHOAKTHBHEIX aTOMOB?
18.3. Hazspare yacTHIILI, KOTOPBIE SIBISIKOTCS YHACTHHKAMH CHIIBHOT'O B3aUMOJIEHCTBHS.

18.4. B mpHpome cyIECTBYET UCThIpe THMA (yHIAMEHTATRHEIX B3aMMOICHCTBHIL. B KakoM B3aHMONCHCTBHM YUacTBYIOT
NPOTOHBI M HEHTPOHBI.

18.5. H3pecTHO wueTHpe BHOA (YHIAMEHTANBHBIX B3auMopciicTewil. Kakoe B3amMopeiicTBHE XapaKTepH3yeTcs
CPABHUTENBHOI HHTCHCHRHOCTBEO ~1, a pajmyc cro acitcThus papen ~107° M?

2.3a0aHus Ha npumMeHeHue pu3u4ecKux 30KOHO8 rpu rnposedeHuU meopemuyecKux u

11



3KCrnepumeHmarnbHbIX uccnedosaHuli

KomneteHuus NHANKATOP AOCTUNKEHUA KOMNETEHL MM
ONK-4  CnocobeH npoBoAuTb  U3MepeHus  u | OMK-4.2 O6pabaTbiBaeT ] npeacrasnseT
HabnoAeHus B Chepe Npo(peCCUOHANbHOM | NOJyYeHHble SKCMEepUMeHTalNbHbie AaHHble
JeaTenbHocTM, obpabGaTbiBaTb M NpeACTaBAATH

JKCNepumeHTanbHbie AaHHble
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Hcnmoab3ys ecTecTBEHHOHAYYHbBIE 32KOHbI, BHINOJIHHUTH 32IaHHA MO0 CJASAYIIIMM TeMaM:
2 cemecTp

1. HccrnenoBanue JBHKEHHS MAIIHHBI ATBY/IA C OIPEIeICHHBIME ITapaMeTpaMu.
2. TeopeTnueckHe pacucThl TCPMOAMHAMHUCCKHX BCITHYHH.
3. Teoperudeckoe HCCIEIOBAaHNE TAPAMETPOB DIIEKTPUICCKOH [ICITH.

3 cemecTp

4. Teoperudeckoe pacyeTsl B 00IaCTH AIEKTPOMArHETH3Ma M HIeKTPOMAarHUTHBIX KONeOaHHii.
5. TeopeTtuueckoe pacyeThl B 001acTH BOJTHOBOH ONTHKH.
6. Teopernteckoe pacyersl B 00JaCTH KBAHTOBOH ONITHKYA H aTOMHOH (DH3HKH.

2 cemecTp

1. Yepes uiok B BHJIE CIUIOIIHOIO JUcKa maccoi 50 r, nepekHHyTa HEeBecOMas HEepacTsHUMAas HHUThb, K KOHLAM KOTOPOi
HOJABEIICHE! OJIMHAKOBBLIE IPy3bl Maccoi nmo 100 r (mMammua Arsyna, cM. puc. 1) Paguye nucka 20 cm. Ecim na npasyio
CTOPOHY CHCTEMBI HOJIOKHTE TIeperpy3ok maccoi 50 r, To cucTeMa, NpHAET B IBHAKEHHE (pUc. 2).

qulllul E

(Sl AL

Puc. 1 Puc. 2
HO pe3y.ubraram JAAHHOTIO QI(CHCPHMEHTaJleOTO HCCIIC10BAHKA onpe,nenwrh:
1. ycKOpeHHE CHCTEMBI IPY30B;
2.  MOMEHT CHII, ACHCTBYIOMIHH Ha OI0K.

2. UYepes Onok B BHAE CIUIOWIHOTO JHCKa pajuycoM 15 cm u maccoii 100 r, nepexunyta HeBecoMas HEPACTAIKHMAsL HUTh, K
KOHIly KOTOpOii mojBemeH rpy3 Maccoit 150 r (em. puc. 1). INox neiicTBuem rpysa cuctema NMpUXOAHT B ABMKeHHE (pHc.2).

Puc. 1

Ilo pe3ynbTaTaM JaHHOTO YKCIEPHMEHTANBHOTO HCCIEN0BAHHSA OMIPENETUTD:
1. yrnosoe yckopeHHe OnoKa;
2.  MOMCHT MMIIyJIbca GnoKa.

3. Hexortopas macca asora npu ganeHud 200 klla umena odbvem 8 11, a npu masnennn 500 xlla — o6bem 4 1. Ilepexon ot
MEPBOIO COCTOAHHMA KO BTOpOMY ObLI CJIC/IAH B JIBA dTala: CHavaa 1o u3odape, a 3aTeM 0 H30Xope.
H306pasuts faHHbIe NpoLecekl B KoopAMHATaX (P, V), Ha 0CHOBE ECTECTBEHHOHAYYHBIX 3aKOHOB ONPE/ICIHTh:

1. M3MCHCHHC BHYTPCHHCH YHCPrUM IPH H30XOPHOM Mpolecce;

2.  KOJIHYECTBO TEIUIOTEL, OMYYESHHOE Ta30M IIPH NEPEX0IE OT NEPBOTO COCTOAHHA KO BTOPOMY.

4,  HneaneHbli MHOTO4TOMHEIH Ta3, COACP/KANINH KOMMYECTRBO BEINECTBA | MOJB, COBEPIIAET LMK, COCTOANIMH M3 JABYX
H30X0p M JABYX m3o0dap. HaumMenwmuii obbem V=5 1, naubonbmuii V,,=10 1, HauMeHbIlee maBneHue pp,= 100 wlla,
HanbomeIIee Py, =300 Klla.
Hcenenorate TaHHEIE MPOMECCH W HA OCHOBE €CTECTBEHHOHAYYHBIX 3aKOHOB OMPEICTHTE:

1. MHHHMAILHYIO TEMIECPATYPY LHKIA;

2, rtepmuueckuii KITJ nuxia.
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5.  DnexTpudeckas cXxeMa COCTOMT K3 HeTouHHKa Toka ¢ DJIC 13 B, uaeansHOro aMnepmMeTpa u BOIBTMETPA, & TAKIKE JBYX
pesucTopop. [Tokazanus npuOOPOB NPHBEICHE HA PHCYHKE.

o—oL
1001\12

Ha ocHOBE 3aKOHOB MOCTOAHHOTO TOKA TEOPETHYECKH PACCUHTATh MAPaMETPhI 3NEKTPHUECKOH 11eMH:
1.  KIIJI ncrounnka;
2. cuy TOKa, NPOTEKAIONYIO Yepes pesuctop 1.

6. ComporusicHue pesucropa R u3Mepsercs BOJNBTMETPOM W AMICPMETPOM [0 CXCME, [OKA3aHHOH HA PHCYHKE.
Awmmnepmetp nokassiaeT [=1 A, soastmerp U=100 B. Conporusienne sonstMeTpa Ry = 1 kOM.

Hcrnonb3ys 3aK0HbI OCTOAHHOTO TOKA OIPEIETHTD!
1.  cuiy TOKa, IPOTEKAIOMIYIO Yepe3 BOIBTMETD;
2.  CONPOTHBIIEHHE PE3UCTOPA.

7. B npuenennoii snexktpuyeckoii cxeme conpotuenaeHus Ry=20 Om n R;=150 Om. ConpoTtiBnenne BonbT™MeTpa pasto 10
kKOwm, a amnepmetpa — 0,4 Om. DJIC nctounuka paena 36 B, a sHyTpentee conporneineane — 1 Om. Ha pucynke npueeaeHs
IIKAIIBI BOJBTMETPA M aMIIEPMETPA C HX NOKA3aHHAMH.

—I R1 I— —I R':.'

HCHOJ’IBB}’H 3aKOHBI TOCTOAHHOTO TOKA OTNPEACTATE:
1. NaaeHHue HANPAMKEHHA Ha HCTOYHHKE TOKa;
2. BEPHOEC JIM 3HAYCHHE TTOKA3BIBACT BOJ'II:TMG’T]J? OTBET MOSCHHTE.

3 cemecTp

8. DnexTpoH Npoiis YCKOPAIOUIYIO Pa3HOCTD MOTSHIHAIOB M Moly4Yus sHeprio 400 3B, Baeraet B 0IHOPOAHOE MATHUTHOS
MOJe HANPHKEHHOCTBIO 450 A/M NepneHAHKYIAPHO NTHHUAM WHAYKUMH. MCHONb3ys ecTeCTBEHHOHAYYHBIE 3aKOHBI
Onpe/eNHTh:

1. CKOpOCTB 37IeKTPOHA;

2.  paaMyc KPHBH3HBI TPACKTOPHH 3/1eKTpoHa. (8 Gannos)

9. BUTOK W3rOTOBJICHHBIH M3 ATFOMHHMCBOIl NPOBOJOKM UIMHON 10 ¢M M IUIOMANBIO HONepedHoro cedeHus 1,5 mm*

MOMEIIEH B OJHOPOJIHOM MAarHMTHOM 1odie ¢ HHaykuwmed 0,5 Tin, npudeM II0CKOCTh BHTKA TNEpHEHAHKYIAPHA JTHHHAM
MarHuTHOH MHAYKUHHA. [loe HauMHaeT yOBIBATH ¢ MOCTOSHHOW CKOPOCTBIO Tak, 4yro 4depes 0,02 ¢ ero 3Ha4eHHE AOCTHTAeT
0,06 Ta. Mcnonb3ys ecTeCTBEHHOHAYYHLIE 3aKOHBI ONIPEACTHTS:

1. conpoTHBIEHHE BHTKA;

2. 3apsal, NpoIIeAIHii 10 BUTKY 3@ 3TO BpCMsL.
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10. Pesucrop, Karymika HHAYKTHBHOCTH W KOHJCHCATOP COCIMHEHBI MOCIEAOBATEILHO M IOJKIIOYEHBI K HCTOYHHKY
NepeMeHHOr0 Toka, u3MeHstomerocs no 3axkony I =0,1 cos 3,14t (A). Ha pucynke npencrtasnena (aszopast quarpamMma
NaJIeHHH HANPSUKEHHH Ha YKa3aHHBIX JJeMeHTax. AMIUIMTY/HBIE 3HAYEHHs HANpPsIKEeHHi COOTBETCTBEHHO pPaBHBI Ha
pesuctope Up=2 B; Ha KaTylIKe HHAYKTHBHOCTH UL=€'B; Ha koHnaeHcatope Ugs=2 B.

A
UL
UR_
- )-X
VUC

Hcnons3ys ecTecTREHHOHAYYHBIE 3aKOHBI ONPE/ICHTh:
1. eMKOCTHOE COIPOTHBICHHE;
2. casur a3z MekIy HANPsKEHUEM H CHIIOH TOKa.

11. B onmire KOHra paccrosnue mesxkay memnsma 0,5 mm. PaccrosHue or menel 1o skpana 2 m. PaccrosHHe oT meHTpa
aKpaHa 10 ToukH M paBHO x=2 MM. [THHA BOJIHEL, nagatoniero ceeta 600 HM.

M

Hcrons3ys ecTeCTBCHHOHAYYHBIC 3aKOHBI OIPEICINTS!
1. onTHuYEcKylo pasHOCTb X044 BOJIH OT HCTOYHHKOB Sy U §; 10 Touku M;
2. KOOPIAUHATY TPETLEIO MAKCUMYyMa.

12, JludpakumoHHas pemeTka ¢ MOCTOSHHONH 5 MKM OCBELIAeTCs MOHOXPOMATHYSCKHM CBETOM C JUIHHOH BOmHBI 520 HM.
DKpaH PacnoIokeH Ha paccToAHMH | M oT pemeTku. Menons3ys eCTCCTBEHHOHAYYHBIC 3aKOHEI OTPE/IETHTE:

1. HauboneuIMii OPAIOK CMEKTPA, MOTYUeHHEBIH ¢ MOMOMIBIO PEIIeTKH;

2, paccTosHHE 70 2 FMaBHOTO MaKCHMYMa OT HeHTPa TH(PAKIHOHHOH KADTHHEI.

13. Ilydok cBera NOCJIEAOBATENLHO NMPOXOAMT 4epes JBa HHMKOIS, IJIOCKOCTH MPOMYCKAHHS KOTOPLIX 00pasyloT MemaIy
coboii yron 60", Koadduunent nornomenns kaxaoro nuxons paser 0,15. Mcnosip3ys ecTecTBEHHOHAYIHBIE 3aKOHBI
OMpeIeNInuTh:
1. cBA3b MeXIy HHTEHCHBHOCTBIO AJA0IIEro CBETa U CBETA, MPOLIEINIEro Yepes3 NepBblii HUKOMb;
2. BO CKOJBKO pa3 My4OK CBETA, BBIXOAALIMH W3 BTOPOTO HHKOIA, OCHAa0IEH MO CPaBHEHHIO C MYYKOM, MAJAIOMIHM Ha
NepBBIii HHKOMB.

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% BTF'(MZ-K4), nmocrosHHas BuHa b:2,9-10'3 M-K. Henonszys
COOTBETCTBYIOIIHE 3aKOHBI TEMUIOBOTO H3My4YEHHS ONPEISIHTh!

1. Temneparypy AUT;

2. UIOWA/k HAY4arolieH NOBePXHOCTH.

15. B pesynwrare 3dypexra Komnrona (poToH TIpH COYIapeHHH € 3J€KTPOHOM ObLI paccestH Ha yrod 60", Dueprus (oToHa 110
paccesust 1,5 MbB. Komnronobekas AnuHa BoJHBL Ans alekTpoHa 2.4 nM. IIpuMeHss ecTecTBCHHOHAYYHEIC 3aKOHEI
OIIPENEIUTE!

1. H3MEeHEeHHe JUIHHBI BOJHBI (JOTOHA;

2,  KHHETHYECKYIO SHCPTHIO 3JICKTPOHA OTLAYH.

16. DHeprus 1eKTPOHA B OCHOBHOM COCTOSHHM aTOMAa BoJopoja pasHa -13.6 B, Paauyc nepeoit Goposckoii opdutel atoma
Bojopoaa 53 nm. [IpuMeHss ecTeCTBCHHOHAYYHBIC 3AKOHBI ONPEICIUTE:

1. nonHyO YHEPrHIO MIEKTPOHA Ha TpeTheii OopoBekoil opbuTe;

2.  NOTCHUHANBHYIO YHCPIHUIO HMCKTPOHA, HAXOMALIECIOCs Ha TpeThel opOuTe.

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