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OHNEHOYHBIE MATEPHAJIBI PA3PABOTAUJI:

MoanucaHo 3NeKTPOHHON nognuckio $TEOY BO «HUY «M3IU»

Ceefenua o Bragensue L3N M3aKn I/I'A.
Bnageney Mopanes W.A.
[IpenogaBaTennb Viermvbrratop RO2C85401-MoraleviA-fe727cd7 Mopaines
(1OIKHOCTB) (moxnuce) (pacuudpoBka
TTO/ITUCH)
COI'TIACOBAHO:
MognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3aU»
PyKOBOI[HTeHB o Ceepenua o Bnagensue L3N M3
00pa3oBaTeNIbHOI rre— Tenos AE.
HpOFpaMMBI WaeHTuduraTop R72c90f41-DedovAV-d71cc7f4 A.B HCHOB
(IOJDKHOCTD, YUeHas CTEHCHb, YICHOE (mozucs) (pacuudpoBka
3BaHHE) TIO/ITUCH)
MognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3aU»
w CeepeHuna o snagensue U3MN M3K
3aBeHyIOH-IHH o Bnageney Jenoe A.B.
BBITYCKaOIIEH Kadeapsl Viermvbrratop R72C90741-DedovAV-d71cc7Ta A.B. [lenos
(IOJDKHOCTD, YUeHas CTENeHb, YICHOe (mozrucs) (pacmudpoBka
3BaHHE) TIO/ITUCH)



OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. I[TIK-5 CnocobeH nmpuHUMATh y4acTHE B pacyeTax XapaKTEPUCTUK MPOLIECCOB, MPOTEKAIOIINX B
KOHKPETHBIX TEXHUYECKHUX YCTPONUCTBAX M allllapaTrax dHEPreTUYECKOro 000PYI0BAHMS, SICPHBIX
Y IJIa3MEHHBIX YCTaHOBOK
N]1-4 Briageer MeTo1aMu TEOPETUUECKOTO OMMCAHUS TUIa3Mbl M HABBIKAMU pacuera
IJIa3MEHHBIX TapAMETPOB IPUMEHUTEIBHO K PA3IMYHBIM IPUPOJHBIM U TEXHUYECKUM
cucremMam

H BKJIFOYACT:

AJISI TEKYIIEro KOHTPOJIA YyCIIEBAEMOCTH

Dopma peanuzaruu: [Tucemennas pabota
1. JIBrKeHHe 4acTHII B JJIEKTPHUECKOM M MarHuTHOM ToJisix (KoHTponbHas paboTta)
2. Kone6anus u BoaHbI B ria3zme (KortponbsHas padota)
3. CronkHoBenus. ['mapoaunamuueckoe npudnnxenue (KontponbHas padota)

Dopma peanuzanuu: [IpoBepka 3aganus
1. Cnagya BTOpO¥ 9acTu JIOMAIIHEro 3aanusl. BomHsl B m1a3me. KuneTndeckoe onvcanue
ma3mel (JlomamHee 3aganue)
2. Cnava repBoii 4aCTH JJOMAIITHETO 3aaHus. [[BUKEHIE YaCTHIl BO BHEITHUX TIOJISX.
['unponunamuka miasmel ([JJomamrnee 3aganue)

BPC nucuuminHbl

7 ceMecTp
Beca KOHTpOIbHBIX MeponpusaTHil, %
Nunekc KM- | KM- | KM- | KM- | KM-
Paznen nucuunianHb KM- 1 5 3 4 5

Cpox KM: 4 8 10 12 16

IIna3Ma: oCHOBHBIE MOHATHS U XapaKTCPUCTHUKHU. HBI/I)KGHI/IC
HaCTHIl BO BHCHIHUX ITI0JIAX. anyme CTOJIKHOBCHHA B

miasme

[1ma3ma: OCHOBHBIE MOHATUA U XapAKTEPUCTUKHU + +
JIBMKEHHE YacTHUIl BO BHEIITHUX IMOJISIX + +
VYrpyrue CTOJIKHOBEHUS B IIJIa3Me + +

['unponunamudeckue moaenu. Kosddummentsr neperoca B
3aMarHu4eHHol mia3smMe

OIIHOKOMHOHCHTHBIC Mozenu. MarautHas rUapOoaAnHaMHKa + +




JIByxxommnoneHTHble Mozenu. Koadduiuents! nepeHoca B

+ +

1ia3me
Bonnel B mi1azme. MeTo bl BOJTHOBOM AUAarHOCTUKH ILJIa3Mbl
Konebanus u BonHb B 1u1azme. OCHOBHBIC TTOHSTHS + +
BosiHbI B X0101HOM mi1a3zMe + +
BousHbl B Temuioi miazme + +
Kunernueckoe onvcanue mjaa3msl
Kunernueckast Teopusi 0€CCTOIKHOBUTEIBHOM TJIa3Mbl +
VYpaBuenue bonbumana +
[IpucTteHHsble sBAEHUSA B IJ1a3M€. 30HI0BBIE METO/IbI
JIMarHOCTHKHU
OOBemMHBIN 3apsi B TUIa3Me U Teopusi 30H1a JIeHrMiopa +

Bec KM: | 20 20 20 20 20

$O6m1as acts//1s1 MPOMEKYTOUHON arTecTanund




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMITETCHIIMHT pe3yiabTaThl OOyYEHHsS IO
JUCIUILINHE
[IK-5 N-4nxk-s Bnaneer | 3nath: JIBr>KeHUEe YacTHI] B AJIEKTPUYECKOM B MarHUTHOM ToJisix (KoHTposbHas
METOJJaMH TEOPETHYECKOTO | OCHOBHBIE MOAXOMAbBI K pabota)
OnuCcaHus T1a3Mbl Y | ONKUCAHMIO TUTa3MBbI U CronkHoBenus. ['mapoauaammueckoe npuodimkenue (Kontponpaas
HaBbIKAMU pacueTa | IIa3MOJUHAMUKU pabota)
MJIa3MEHHBIX  [apaMeTPOB | MEXaHU3MBbI Konebanus u BonHs! B 1azme (KortponbsHas padora)
MIPUMEHUTEIBHO K | pacrpoCTpaHEeHUs U Cpnava nepBoif yacTu AOMAILIHETO 3a7aHusl. J{BHKEHUE 4acTUll BO BHEIIHUX

Pas3siin4HbIM HOPUPOAHBIM U
TCXHUYCCKHUM CUCTEMAaM

3aTyxaHus BOJH H
KosiebaHuii B INTIa3MEHHBIX
cpenax

YMeTs:

BBIIOIHATE OIEHKH
KJTFOYEBBIX TUIa3MEHHBIX
rapamMeTpoB

OLICHUBATh MapaMeTpbl
peiiOBBIX TBUKEHUN
YaCTHI] B TTOJIEBLIX
KOH(PUTYpAIUIX YCTAHOBOK
JUTSL yIEpKaHUS TUIa3Mbl, a
TaK)Ke MmapaMeTphbl
penakcaluy 4acTull B
CTOJIKHOBEHUSIX
BBITIOJIHSTH OLIEHKY
rapamMeTpoB KoJieOaTeTbHBIX
MIPOIIECCOB B MJIa3Me

noysix. ['mapoaunamuka mnasmel (JloMaminee 3aganue)
Craua BTOpOH 4acTH JIOMAITHETO 3a1aHusi. BoJHbI B TU1a3Me.
Kunernueckoe onucanue miasmsl (Jlomaiinee 3aianue)




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. I[BI/DKCHI/IG HYacTull B 3JICKTPUYIECCKOM U MArHUTHOM IIOJIAX

®opmbl peasuzanun: [TuceMennas padora

Tun KoHTpoIBHOr0 MeponpusaTus: KontponsHas padora

Bec konTpoabHoro meponpusitusi B BPC: 20

IIpouenypa npoBeaeHnsi KOHTPOJbLHOr0 Meponpusitus: [lucbMeHHbIN TeCT

KpaTkoe conep:kanue 3a1aHusi:

Br1Oparb BapuaHTBl OTBETOB U PEIIUTH 331a4H

KoHTpoJibHbIE BOIPOCHI/3a1aHUA:

YMeTb: OLEHUBATh  IapaMeTpsl
NpeiOoBBIX JIBUKEHUH YacTHIl B
MI0JIEBBIX KOH(HUTypammsx
YCTaHOBOK s ylepKaHus
IUIa3Mbl, a TaKXkKe IapaMeTrpbl
penakcanuu YaCTHI] B
CTOJIKHOBEHUSIX

1.Berancnuts aebaeBCKuii panyc, MIa3MEHHYIO YaCcTOTY
U IUIOTHOCTD TEIUIOBOM SHEPTUU IIa3MbI B
TEPMOSIICPHOMN YCTaHOBKE, €clin €€ TI0THOCTh 1014 cm-
3, a remniepatypa 2 3B.

2.BBIYUCIINTD JTAPMOPOBCKUN PaInyC U HUKIOTPOHHYIO
4acTOTY IEKTpOHa ¢ sHeprueil 3 kaB nBuxymierocs B
onHopoaHoM mMarHuTHoM mosie 0.1 T mox yriom 450
CWJIOBBIM JIMHUSM;

3.BerauciuTh CKOpOCTh npetida siapa renus B
ckpenieHHbIX ekTpuaeckom ( E = 1000 B/M ) u
marautHoM H =1 T ) momnsx.

4. BBIUUCIIUTB CPEIHIOI0 CKOPOCTh MOHOB JieiiTepus B
MaKCBeJUIOBCKOM I1azMme ¢ remneparypoit 10 kB
5.I1nasma MeJIEHHO CKMMAETCs MAarHUTHBIM I1OJIEM C
B1=1Tn no B2=5Tn. CronkuoBenuii HeT. Bo ckonbko
pa3 BBIPACTET MOJIHASL KUHETUYECKAsl DHEPI U YaCTUILBL,
€CJIM B Ha4YaJIbHBI MOMEHT BPEMEHU pacipe/ieleHHe 1o
CKOPOCTSIM OIPENENSAETCS] COOTHOIIEHUEM VX=VYy=VZ.
(IOMHUM, YTO HOPMAaJILHO TIOJII0 HAIPaBJIEHbI JABE OCU
cBOOOIBI).

6.Hapucoare HanpaBiieHHE TPAAUEHTHOTO U
LEHTPOOEKHOTO Jpeiiha MOHOB B MATHUTHOM I10J1€
npsimoro Toka ( puc 1). OueHuTs cKopocThb Jpeiida
noHoB aeirepus npu J=1 kA, R=0.5m, T=1x3B

Onucanue MKaJbl OLICHUBAHUA:

Oyenka: 5

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 85
Onucanue xapaxmepucmuku 6bINOJIHEHUS SHAHUSA:

Ouyenka: 4

Huoicnuii nopoz evinonnenus sadanus 6 npoyenmax.: 0
Onucanue xapakxmepucmuxu bINOIHeHUs] SHAHUSA:

Oyenxa: 3

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapaxmepucmuku 6bINOJIHEHUS SHAHUSA:




KM-2. CronkHoBeHusi. 'uapoauHaMmmnyeckoe npuodanxKeHue

®opmbl peanausanuu: [luceMennas padora

Tun kouTpoabHoro Mmeponpusitusi: KonrpossHas padora

Bec koHTpobHOr0 Meponpustusi B BPC: 20

IIpouenypa npoBeeHns KOHTPOJIBLHOro0 Meponpusitus: [luceMenHas padora TecT+ 3a1a4u

Kpatkoe conep:xanue 3aganus:
Br16paTh npaBUIbHBIN OTBET U PELIUTH 337a4u

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3HaTh. OCHOBHEIC noaxoJbl K l.HpOBOI[I/IMOCTB ITOJIHOCTHIO NOHM30BAaHHOM IIa3MBI
OIITMCaHHIO IJ1a3Mbl n 3aBUCUT OT IJIOTHOCTHU IJICKTPOHOB NC U TCMIICPATYPhbI
j1asMOJMHaMHUKH KaK?

a) HE 3aBHCUT OT he 0)pacTeT ¢ TeMIepaTypon Kak
T3/2B) pacTeT ¢ pOCTOM ne T) MajIaeT C pOCTOM
TEMIIEPaTypHhI

BpeMmena ycTaHOBIICHHS pABHOBECHOTO PACIpPEICICHUSI
0 TEMIIEpaType B AJICKTPOHHOM TMOJACUCTEME U
BBIPABHUBAHHS TEMIIEPATyp HOHOB H JJICKTPOHOB
COOTHOCATCS Kak (tee:tei)

a) 1:43 6)1:2000 B)1:11)43:1 1) 2000:1

Knaccuuecknii kosunment auddys3un mia3mol
MOTIEPEK CHUIIOBBIX JITHMI MarHUTHOTO TIOJISI 3aBHCUT OT
€ro HampsHKEHHOCTH KaK

a) D~H-2 a) D~H-1 a) D~H a) ne 3aBucur

Onucanue MIKAJbI OLlEeHUBAHUS

Ouenka: 5
Huodicnuii nopoe sévinonnenus 3adanus 6 npoyenmax: 85
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIM 3aJaHue
BBHITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouenka: 4
Huodicnuii nopoe evinonnenus 3adanus 6 npoyenmax: 15
Onucanue xapaxmepucmuxu evlnoinenus 3Hanus: OLeHKa "X0opoIio" BEICTaBISETCS €CITN
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HAIPABJICHUE JJIS pEIIeHUs 3a/1a4

Oyenka: 3
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 60
Onucanue xapakmepucmuku evinonnenus snanus: OneHka "ya0BICTBOPUTEILHO" BBICTABIISCTCS
€CITH 3aJIaHUE MMPEUMYIIECTBEHHO BBITIOJHEHO

KM-3. Cnaua nepBoii 4acTH JOMalIHero 3aaHus. /[BukeHre 4acTULl BO BHEIIHMX
nmoJsAXx. FunpoanHaMnKa IJ1a3Mbl

®opmbl peanusanuu: [IpoBepka 3amanus
Tun KOHTPOJILHOr0 Meponpusitus: /lomaninee 3a1anue
Bec konTposbHoro meponpusitusi B BPC: 20




IIpouenypa mpoBeneHusi KOHTPOJAbHOr0 Meponpusitusi: Craya 3aaHusi NPOU3BOJUTCS JIMYHO.
CTyneHT MpUHOCHUT BBINOJIHEHHOE 3aAanue. [IpenogaBarens BBIOOPOYHO MPOCUT OOBSICHUTD 331a4U
Y BBITIOJTHATH 0OJIee MPOCTHIC YIPAKHEHUS HA OIICHKY OCHOBHBIX BEJIMYHH

Kparkoe conepxxanmne 3a1aHus:
PemuTe Bce 3anaun 3a1aHus

BrrurcnuTe mia3MeHHYIO 4acTOTY, 1e0aeBCKUid paauyc, ynciio yactuil B cepe Jlebas B
CIIEIYIOIIUX CITydasx:

a) Tieromuii paspsan (ne = 10016 m-3, Te = 1.5 3B);

6) nonocdepa 3emiu (ne = 10712 m-3, Te= 0,1 3B);

B) 0-tiHY (ne = 10723 Mm-3, Te = 800 3B).

XapakTepHbII pa3Mep BO3MYIIEHHS 3JIEKTPUUECKOr0 I0JI BOKPYT BHECEHHOTO B IUIA3My
JICHTMIOPOBCKOT0 30H1a paBeH 15 MkM.HaliTu KOHIIEHTpALMIO JIEKTPOHOB IIa3Mbl, €CJIN UX
temneparypa Te=5 k3B.

B tokamake kpyrioro cedenust T-10 ¢ OGonbmum paguycom R= 1,5 M u paanycom miasmsl a =
30 cM yaepKUBaeTCsl BOJOPOIHAA I1a3Ma ¢ KOHILIeHTpanue aektporoB n= 3 10713 cM—3 u
temneparypoit T = 1 k3B. Ha ckonbpko rpagycoB MOKHO HarpeTh €10 CTaKaH BOJbI 00bEMOM
200 mn? Cumtath, 4TO OJHA Kasopus paBHa 4,186 /1x.

BbrancnuTe paBHOBECHYIO CTENIEHb MOHM3AUH 1apoB pryTu npu T=4kK, n=10"15cm-3.
MynbTUIIETHOCTS TEPMOB NPUHATH paBHOU g=(2J+1). Tabnuua ypoBHe# 10CTynHA Ha
(https://physics.nist.gov/PhysRefData/ASD/levels_form.html) . Tlorenuuan noHu3amuu pTyTH
10.4 »B.

BbIpa3uTh KOHIIEHTpAIMIO TPUAK Al HOHU30BaHHOTO Kuciopoaa O IV B mna3zme, rae Kuciopos
INPUCYTCTBYET B BHJIE MaJIOW IpuMecH. (yKa3zaHue: ypaBHeHHe Caxa MOXKHO MPUMEHUTh K
MOCJI€I0BATEIbHBIM PEAKIUSAM HOHU3ALINN ).

B ycTaHOBKE TEPMOSAAEPHOIO CUHTE3A IJIa3Ma HAarpeBaeTCsl OCPEACTBOM MHIKEKIIMU
HEUTpaJIbHBIX aTOMOB JieiTepust ¢ sHeprueit 200 k3B, KoTopble, BOW/I1 B MArHUTHOE I0JI€E, U3-
3a repe3apsiiIKi  IPEBPALLAIOTCS B MOHBI IEUTEPHS ¢ aTOMHBIM HOMEPOM A = 2 U C TOH ke
sHeprueil. Takue HOHBI MOTYT yJIEPKUBATHCS B JIOBYIIKE, TOJIBKO €CIIM UX JIAPMOPOBCKUI
pannyc MHoro menslie Ra, rie Ra = 0,6 M — MeHbIINN pagnyc MIa3MEHHOTO TOPA.
[TpoBepbTe, BHIOMHSAETCS JIM ATO YCIOBHE, BHIUMCIMB MaKCUMAJIbHbBIN JIAPMOPOBCKUH pajnyc
MOHa B MarHUTHOM noje B =5 Tu.

ITycts ne=10"10cm-3. [Ipu kaKkoil BENIMYMHE MAarHUTHOTO TOJISL AJIEKTPOHHAS [IUKIOTPOHHAs
4acTOTa CPaBHAETCS C MJIa3MEHHOM?

BbrancnanTs 1apMOpPOBCKUI panyc U HUKIOTPOHHYIO YaCTOTY JUIS
A) nelitona ¢ sHeprueit 15 KaB, nBuxkyierocs B oqrHopoaHoM marHuTHoM noiie 0.85 T mog
yriioM 600 K CUITOBBIM JIMHUSIM;



b) anextpona ¢ sneprueit 10 KaB nuxymerocs B onHopogHoM MarHuTHOM nose 0.6 T mog
yriioM 450 K CUITOBBIM JIMHUSIM

[Tna3sma, HaxonsLIasICs B 3€pKaJIbHOM JIOBYILKE ¢ IPOOOYHBIM OTHOIIEHHEM Rm = 9, umeer
M30TPOIIHOE PACIIPEAEICHUE YACTUL] 110 CKOPOCTSIM. CTOIKHOBEHMSI OTCYTCTBYIOT, TaK YTO
YacTHULIbI, TONABIINE B KOHYC IIOTEPh, CPa3y yXOJAT, a HE NoNaBIlIne — ocTatoTcs. OnpenenuThb
JIOJIXO 3aXBAaYECHHBIX YaCTHII.

3apsoKeHHBIN MTYYOK 3JIEKTPOHOB TIOTHOCTHIO ne=10"14 cm-3 u paanycom a=1cm ABUKETCS
BJ10JIb MarHuTHOTO 11011 2To1. Haiitu ckopocts EXB npetidha B cOOCTBEHHOM TT0JI€ ITydKa

Paccuurats nmpoBonumocTs BogopoaHo# mia3msel npu T=1 keV, n=10"10cm-3

beccronkHoBUTENBbHAS BOJIOPOHAS TJI1a3Ma YAEPKUBAETCS B TOPE, BHEITHUE OOMOTKH
KOTOPOTO CO3Jal0T MarHuTHoe mnouie. [na3ma B Ha4anbHbBII MOMEHT MAaKCBEJIOBCKAs, €€
temriepatypa T = 1 k3B. Hauunas ¢ t = 0, marautHoe nose B 3a 100 mMxc yBenuuuaercs ¢ 1
Tn no 3 Tn, B pe3ynbTaTe 4ero mia3ma cKuMaeTcsl.

a) [lokaxkuTe, 4TO MAarHUTHBIA MOMEHT KaK y HOHOB, TaK U y 3JIEKTPOHOB OCTAETCS
WHBapPHAHTHBIM.

0) BrrunciauTe TemMneparypsl pacipeesieHui 1Mo MO0 U HOPMAIBHO €My TIOCIIe CKATHSI.

KoHTpoJibHbIE BONIPOCHI/3a/1aHUA:

VYMmerTs: BBITIOJIHATH OLCHKU 1.PaccuuraThb IMPOBOAVMOCTD IMOJIHOCTBIO MOHHU30BAaHHOM
KITFOUEBBIX TTa3MEHHBIX BOJOPOIHOI I1a3Mbl Iipu T=1k>B
MapaMeTpoB 2.0ueHuts Ae0aeBCKHiA paJnyC | IJIa3MEHHYIO YaCTOTY

st T=1x3B 1 n=10"12 cm"-3
3.01eHuTH JIAPMOPOBCKUH paguyc U JIAPMOPOBCKYIO
4acTOTY I HOHOB Aeitepus ¢ B=5Tn

Onucanue MKAJbI OLEHUBAHUS :

Ouyenxa: 5
Hudienuii nopoe sévinonnenus 3adoanus 6 npoyermax: 90
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIH 3aJaHNe
BBITIOJTHEHO B MOJIHOM 00beMe WIJIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuil nopoe evinonnenus: 3a0anus 6 npoyenmax.: 85
Onucanue xapaxmepucmuxu evinoaneHus snanus: OueHKa "XopoIo" BBICTABIIAETCS ECIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHHE JUIsl pEIIeHUs 3a/1a4

Oyenxa: 3
Huoicnuii nopoe evinonnenus 3a0anus 6 npoyenmax. 55
Onucanue xapakmepucmuxu evinonnenus 3uanus: O1neHKa "y10BIeTBOPUTENIHLHO" BHICTABIACTCS
€CITM 3aJJaHue MPEUMYIIECTBEHHO BBITIOTHEHO

KM-4. Kosie0anus 1 BOJIHBI B IIJIa3Me

®opmbl peanausanuu: [luceMenHas padora
Tun koHTpoabHOro MeponpustTus: KourponsHas pabota
Bec koHTpOBbHOrO Meponpusitusi B BPC: 20




IIpouenypa npoBeaeHNsi KOHTPOJBLHOIO0 MEPONPUATHSA: TECT+ pEUICHUE 3a]1a4

Kparkoe conepxanue 3a1aHus:
Br1Oparh npaBUIIbHBIN OTBET U PEIINUTH 33/1a4H

KoHTposbHbIe BONPOCHI/3a1aHUA:

3HaTh: MEXaHHU3Mbl 1.(1 ouko) DAEKTpOMArHUTHAS BOJIHA MOXKET
pacrpoCTpaHeHHs U 3aTyXaHHA pacnpoCTpaHATHCS B IUIa3Me, €CIIM €€ 4acToTa

BOJIH M KOJICOaHWH B IJIA3MEHHBIX a) BBIIIE TJIA3MEHHOW 0) HIDKE IJIA3MEHHOM B) BBIIIE
cpenax MOHHOM LIMKJIOTPOHHOM Y4aCTOTHI

(1 ouxo) B x0n01HO# TU1a3Me B IPUCYTCTBUH
MarHMTHOI'O IOJISl MOTYT CYLIECTBOBAThH CIIEAYIOLINE
BU/IbI BOJIH:

a) anb(BeHOBCKas 0) MOHHBIH 3BYK B) 3JICKTPOMAarHUTHAS
BOJIHA

(1 ouko) Ilpu pacrpocTpaHeHMH HU3KOYACTOTHBIX BOJIH
600./1b MATHUTHOTO TIOJISl YACTOTAMHU OTCEUKHU SIBIISIFOTCS:
a) HIDKHETHUOpHUAHAS YacToTa 0) IIa3MEeHHAas 4acToTa B)
WMOHHAs M AJICKTPOHHAS IMKIJIOTPOHHBIE YaCTOTHI

OnucaHue MKAJbI OLleHUBAHUS:

Oyenka: 5
Huoicnuii nopoe evinonnenus 3a0anus 6 npoyenmax: 85
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BHEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 15
Onucanue xapaxmepucmuxu 6vinoaneHus snanua: OueHKa "XopoIo" BBICTABIIAETCS €CIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu 6vinoaneHus snanua: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CJIM 3aJJaHle MPEUMYIIECTBEHHO BHITIOJIHEHO

KM-5. Caaua BTOpOii 4acT JoMalHero 3ajanus. Boansl B masme. Kuneruueckoe
ONHCAHME MJIA3MBbI

®opmbl peamsanuu: IIposepka 3aganus

Tun KoHTpoILHOTrO MeponpusaTHs: J{omaiiHee 3aganue

Bec koHTpobHOr0 Meponpustusi B BPC: 20

IIpouenypa npoBeaeHusi KOHTPOJIbHOr0 MeponpusaTusi: Crnada 3agaHusi TPOU3BOIUTCS JIMYHO.
CryaeHT NpUHOCHT BBINOJIHEHHOE 337aHue. [IpernoaaBaresib BBIOOPOYHO MPOCUT OOBSCHUTD 33Jjauu
Y BBITIOJIHUTD 00JIee MPOCThIe YIPAKHEHUS Ha OLIEHKY OCHOBHBIX BEJTMYHH

Kparkoe cogepxxanue 3a1aHus:
O1eHUTh COOTHOIIEHHE MEX/1y XOJIJIOBCKUM TOKOM M TOKOM ITPOBOAMMOCTH B MOJIHOCTBIO
MOHM30BaHHOM Iu1a3Me Bogopoaa npu n=10"12 cm”-3 npu temneparype 351ekTpoHos 10 3B B
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nosie 2 Ti. (yka3aHue: 4aCTOTY CTOJIKHOBEHWH BBIYUCIUTH U3 BPEMEHU 3aMeJICHUS
3JICKTPOHOB HA MOHAX).

B nunuHapudeckoM mia3MeHHOM CTOJIOE B 1oJie B KOHIIeHTpalust pactpesiesieHa Mo 3aKOHY
n(r)=n0exp(-r2/r02), mpu 3TOM 3JIEKTPOHBI HAXOIATCS B PABHOBECHH C ITOJIEM:
ne=n0exp(ep/Te)

r0=1cm

a) Halitu cKOpOoCTH TMaMarHUTHOTO | 3JICKTPUUYECKOTO Apeiida

0) Berunciauts quamarauTHeIN TOK, cauTas T0=1016, Te=Ti=0.25x3B, B=0.4Tn

Ha moBepxHocTH conHIa BO3HUK poTyodepanen nuamerpoM 1000kM, CKOpOCTh BEIOpOca
m1a3Mbl B KoTopoM cocTaBisieT S00 kM/c. TemmnepaTypa BeiOpacbiBaeMon mia3mbel T~23B. Ha
KaKO€ paccTOsIHUE OYAyT BBITSTUBATHCSI BMECTE C TUIa3MOI CHIIOBBIE JIMHUU MarHUTHOTO TOJIS?
[11a3mMy cYMTATh MOJHOCTHIO HOHU30BAHHOM.

[lepen cmyckaeMbIM amlmapaToM B BEPXHHUX CIOSX aTMOC(epbl 00pa3yeTcsi MOIIHas yaapHast
BOJIHA, TEMIIEpPATypa 3a KOTOPOH JT0CTaTOYHA Il HOHU3AIMK Bo3tyxa. Dopmupyrommascs
IUTa3MBbI TIPETIATCTBYET paarocBsi3u. CBsa3b ¢ KopalieM ocymiecTBisieTcs Ha JiiuHe BOHBL 300
MTI'. Ouennre MUHUMAIBbHYIO IJIOTHOCTD IJ1a3MBl.

MUKpPOBOJIHBI, KOTOPBIC B CBOOOHOM IIPOCTPAHCTBE UMEIOT JUTUHY BOJHBI AQ = 1 cMm,
MPOXOJIAT Yepe3 CJIoN miia3Mbl II0THOCTHIO n0 = 2,8 1018 M-3 u TonmuHoM 10 cM,
MMOMEIIEHHBIN B MocTossHHOEe MarHuTHoe noie BO = 1,07 Tin. Beruuciante 4ucio AIUH BOJIH,
YKJIaJbIBAIOLIUXCSI BHYTPHU CJIOSI, €CIIU:

a) BOJIHOBOJ] OPUEHTUPOBAH TaK, YTO BEKTOP JIEKTPUUECKOTO MOJIsl BOJIHBI E

napajuieJeH MarHUTHOMY TOJIIO;

0) BOJTHOBO/I OPUEHTUPOBAH TaK, UTO BeKTOp E mapasienex ocu y.

CBU unTephepomMeTp HCIONB3yeTCs s ONpeeNIeHHs ITIOTHOCTH I1a3Mbl B 0ECKOHEYHOM
iockoM ciioe TonmuHon 10cm. MHTepdepomerp paboTaeT Ha AJTMHE BOJIHBI SMM.
PaccuuraiiTe MaoTHOCTH IJIa3MBbl, €CJIM CIIBUT cocTaBisieT 1/10 uHTEpPEpeHITMOHHON MTOIOCHI
Beruucnure anbpBEeHOBCKYIO CKOPOCTh B 0061acT MarHutocdepsl, rae B = 10-8 T, n= 1078
M-3, a M= 1,67 10"-27 xr.

Kopabap neuxkercsa B armocdepe FOnurepa co ckopoctsio 100 km/c napaniesibHO MArHUTHOMY
nouro HanpskeHHOCThro 10-5Ti. Eciin 1BHkeHMe SBISIETCS CBEPX3BYKOBBIM, TO MEpEL
KopabisieM oOpa3yeTrcsi HOHHO-3BYKOBas y/apHasi BojiHa. Eciiu ckopocTh Kopaliist TakkKe BbIIIe
Anb(hBEHOBCKOM, TO Mepel HUM CYIIECTBYET MarHUTO3BYKOBAas yiapHasi BojHa. M3BecTHO, 4TO
HaOJII01at0TCsl yAapHbIE BOJIHBI TOJIBKO MepBoro tuna. Haiftu npeaesnsl, B KOTOPBIX MEHSIOTCS
IUIOTHOCTD U TemrepaTypa mia3Mbl. CuuTath, 4To BepxHHUe ciion atmocdepsl KOnurepa
COCTOSIT U3 XOJIOAHBIX, OZTHOKPATHO MOHU30BAHHBIX MOJIEKYJI U aTOMOB CO CpEIHEN
MOJIEKYJIIpHO# Maccoit 10.
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B onnopoaHoi azme , momenienHoi B mose 0.1 T uzyuaercst papaneeBo Bpamenne CBU
BOJIH C JIJTHHOM BOJIHBI 8MM. OOHApYKEHO, UTO TIPH MPOXOKACHUU | M TMHBI CTOJI0A
nosisipusanus nosepHysnack Ha 900. KakoBa miioTHOCTb M1a3Mbl?

PaccuuTaiiTe 4acTOTBI BEpXHE - M HUXKHE - THOPUIHOIO pe30HaHca s IJ1a3Mbl INIOTHOCTh
10712 cm-3 B nosie HanpsikeHHOCTh 2 To.

B mnasme ¢ n=10"15m-3 u T=105B B030y>xnaeTcs 31eKTpOHHAS TUIa3MEHHasl BOJIHA C ITTHHOM
BOJIHBI 1cM. 3aTeM UCTOUYHUK BO30YXIeHH OTKIoYaeTcs. OLeHUuTe BpeMs
OCCCTOIKOBHUTEIILHOTO 3aTyXaHUs BOJHBI B € pa3.

[110THOCTh MOHHOTO TOKA HACKIIICHUS, IPUXOAAIIETO Ha TIocKuii 3001 10 MA\cM2 .
BbIuucinuTh NI0THOCTH MJIa3Mbl, €CIM TEMIIepaTypa 3JEeKTPOHOB paBHa 5 3B.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

YMeTn: BBITIOJIHATH OLICHKY
MapaMeTpoB KOJIeOaTeIbHBIX
MPOLIECCOB B IJIa3Me

1.Paccunraiite yactoty orceuku CBY uznyuyeHus B
TUTa3Me ¢ KOHLEHTpamuen amekTpoHos 10712 cm”-3
2.Paccuwnraiite Haber (a3bl OOBIKHOBEHHOM BOJIHBI B
mazMe AJIuHON 2M ¢ KoHueHTpauued 10712 ecm”-3, ipu
JUITMHE BOJIHBI B BAKyyME SMM.

3.PaccunraiiTe MOHHBIN TOK HACBIIIEHUS HA 30H] IPH
10M2 ecm”-3, Te=12B

Onucanne MKAJbI OIICHUBAHUS:

Ouenka: 5

Huoicnuii nopoe evinonnenus 3adanus 6 npoyenmax: 100
Onucanue xapakmepucmuxu evinoinerus 3Hanus: O1eHKa "OTINYHO" BBICTABIISETCS €CIIH 3aJaHue
BBITIOJTHEHO B MOJIHOM 00'beMe WIIH BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4

Huoichuii nopoe evinonnenus 3adanus 6 npoyenmax.: 85
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: OLeHKa "X0opoIo" BICTaBISETCS €CITN
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BRIOPAHO BEPHOE HAMPABJICHHE [Tl PEIICHUS 3a/1a4

Oyenka: 3

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 0
Onucanue xapaxmepucmuxu 6vinoaneHus snanua: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CIIU 3a/1aHU€E TPEUMYILLECTBEHHO BBITIOJIHEHO
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
7 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1. OcHoBHbIe TOHATHS (PU3HMKH TU1a3Mbl. KBa3UHEUTPaIbHOCTh, BDEMEHHOM U
IPOCTPAHCTBEHHBIN MacUITa0bl pa3/IeIeHUs 3aps0B

2. CeueHue KyJIOHOBCKHX COYAapeHUU

3. BeIUHMCIUTE JapMOPOBCKHI painyC U IUKJIOTPOHHYIO YacTOTY JieiiToHa ¢ 3Heprueit 1 KB,
JBIDKYIIETOCS B 0IHOPOAHOM MarHuTHOM nodie 0.3 T moj yrinom 450 K CHIIOBBIM JIMHUSIM

IIpoueaypa nposenenus

OK3aMeH INpPOBOJUTCS B NUCbMEHHO-yCTHOM (opme. Ha moaroroBky oreera naercs 60 MUHYT.
KpomMme oTBeTa Ha BOonpocsl OuseTa, CTyIeHT JOKEH OTBETUTh Ha JOMOJHUTEIbHBIE BOIIPOCHI.

1. Ilepeuens Komnemenyuit/uHOUKaAmMOpPo8 u KOHMPOAbHBIX 60NPOCOE NPOBEPKU P E3YIbMAm 08
0C80eHUA OUCUUNTUHDL

1. Komnerenuunss/Uuankarop: UJ1-4nx-5s Bianeer Mmetogamu T€OpeTHYECKOT0 ONUCAHUS IJIa3Mbl U
HaBbIKAMU pacyeTa IUIa3MEHHBIX IapaMETPOB IIPUMEHUTENBHO K PA3JINYHBIM IPUPOIHBIM U
TEXHUYECKUM CHCTEMaM

Bonpocel, 3a1anns
1.1.ITone TouedyHOro 3apsaa B miIa3Me.
2. IIpoBoauMOCTS TUIa3Mbl B KHHETUYECKOM MOIXOJE.
3. Beraucautb ckopocTh Apeiida 3I1eKTpoHa B HEOAHOPOJHOM MarHUTHOM I10J1€
HaNPsDKEHHOCTHIO 3 TII, HaNpsKEHHOCTh KOTOPOTO MEHSETCS B MIONEPEUYHOM HAIIPABJICHUH CO
ckopocthio dB/dy=0.01Tn/cM. Temnepatypy 251IeKTpOHOB NPUHATH paBHOH 1k3B.
2.1 JIBukeHue 3apspKEHHOM YacTHIBI B OTHOPOJAHOM MarHUTHOM IIOJIE.
2 MarHuTHbIH 3BYK.
3 Beruucnuth 1e6aeBCKUN palyc U IUNIa3MEHHYIO 4YacTOTY B TEPMOSIEPHON YCTaHOBKE, €CIH
mI0THOCTH T1a3Mbl 107 13cm-3, a e€ Temneparypa 10x3B.
3.1. JIBuKeHHe 3apsKEHHON YaCTHIIBI B CKPEIIEHHBIX JEKTPUUECKOM U MAarHUTHOM MOJISIX.
2. Bpemena penakcanyu Tpu KyJOHOBCKOM B3aWMOJICHCTBHH.
3. OueHuTh NpOBOAUMOCTE BoJIOpofHOM M1a3Mel pu T=1k3B. Kynonosckuii norapupm
NPUHSTH paBHBIM 10
4.

1. 1 TpagueHTHbIM N LeHTPobeXHbIN apendbl
2. 2 KMHeTUYecKuil Noaxos, B Teopuu naasmbl. KMHeTUYecKoe ypaBHeHMe 6e3 CTONKHOBEHWA.

3. BeIuucnuTh JIapMOPOBCKUI PainyC U IUKIOTPOHHYIO YaCTOTY 3JIEKTPOHA C 3Hepruen 15
k3B nBuxkyierocs B ogHopogHoM MarHuTHOM 1osie 0.1 T moa yriiom 300 K CUIIOBBIM JIMHUSIM;
5.1 OIHOXHUAKOCTHASA MOJIEIb IIa3Mbl, OCHOBHBIE YPABHEHHS.

2 VHTerpan CTOJKHOBEHHUM. Y CIIOBUS HOPMHUPOBKH.

3 OueHUTh IIOTHOCTH TEIUIOBOM YHEPTUU IJIa3Mbl B TEPMOSIEPHON YCTAaHOBKE, €CITN €€
mwiotHocTh 10"15¢cm-3, a Temneparypa 1 k3B
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MarepuaJsl 1JI1 NIPOBEPKHU OCTATOYHBIX 3HAHUM
1./laTh onpeneneHue mia3mMbl
OTtBeThI:
[Tna3ma - kBa3suHENTpaIbHAsl CMECh HEUTPAIbHBIX U 3aPSYKEHHBIX YaCTHL, TPOSABIIIOIIAS
KOJUJIEKTUBHBIE B3aUMOJICHCTBUS
HNonu3oBaHHbIN ra3
OHeproHachllIeHHAs Cpesia
[Tna3ma - kBa3suHENTpaIbHAasl CMECh HEUTPAJIbHBIX U 3aPSyKEHHBIX YaCTHUL]
Bepnsiii otBet: I1na3ma - kBa3nHEUTpanbHas CMECh HEUTPAJIbHBIX U 3apSKEHHBIX YaCTHLI,
IIPOSABIIAIONIAS KOJUIEKTUBHBIE B3aUMOIECHCTBUS
2./1aTh omnpeneneHyue U KpUTEPUI CyIIECTBOBAHUS UEAIbHOM I1J1a3Mbl
OTtBeTsI:

1. WpaeanbHas nnasma - cpeda ANa KOTOPON NPUMEHMMO YpaBHEHWE COCTOAHUA naeanbHOro rasa.
Kputepuin ngeanbHoctm- 60ablIOE KO/IMYECTBO YacTuy, B chepe debas

2. WpeanbHaa nna3ma - cpena Ans KOTOPOK NPUMEHUMO YpaBHEHUE COCTOAHUA UaeanbHOro rasa.
Kputepuin ngeanbHOCTM- Masioe KoIM4ecTBo YacTtul, B chepe ebas

3. Jliobas nnasma naeanbHa

4. WpeanbHaa nnasma - cpeaa Ans KOTOPOM NPUMEHUMO ypaBHeHMe COCTOAHMA UAeabHOro rasa.
Kputepuit naeanbHOCTU- ManoCTb 1IAPMOPOBCKONO paanyca No cpaBHeHUIo ¢ gebaeBcKkum

Bepwpsiii otBeT: MneanbHas miaa3zmMa - cpea Juisi KOTOpOil MPUMEHUMO YpaBHEHUE
COCTOSIHUS HieanbHOro rasa. Kpurepuii naeanbHOCTH- 00JIbIIOE KOJTMYECTBO YACTHIL B
chepe Jlebas
3.KakoBbl KpuTEpUU 3aMarHUYEHHOCTH TU1a3Mbl?
OTtBeTsI:
JlapMopoBcKHid pagyc 00JIbIIe KyJTOHOBCKOTO, YaCTOTA CTOJIKHOBEHHI BBIIIE IJIAa3MEHHOMN
YacTOTHI
JlapMOpOBCKHMI pagnyC MEHBIIIE XapaKTEPHBIX Pa3MEPOB 3a/1a4H, YACTOTA CTOJIKHOBEHUI
MEHBIIIE JAPMOPOBCKON 4aCTOTHI
YacToTa CTOJIKHOBEHUI MEHBIIIE JApMOPOBCKON YaCcTOTHI, JIJAPMOPOBCKUI pajuyc- JI000H
YacroTa HOH-2JIEKTPOHHBIX CTOJIKHOBEHHH BBIIIE JAPMOPOBCKOM YaCTOTHI
BepHsiit otBeT: JIapMOPOBCKHN paaryCc MEHBIIIE XapaKTEPHBIX PA3MEPOB 3aJa4M, 4aCTOTA
CTOJIKHOBEHHUI MEHBIIIE JIAPMOPOBCKON 4aCTOTBI
4.KBa3MHEUTPaIbHOCTb B IJIa3M€ COOIIOIAETCA:
OTBeTsI:
Ha macmrabax Oosbiiie qe6aeBCKOro paguyca U BpeMeHax 0oJibliie 00paTHOM M1a3MeHHOM
4aCTOTBI
Ha macimrabax 0osbIiie 1apMOpPOBCKOTO pajuyca U BpeMeHax 0oJibiiie 00paTHOM
LUKJIOTPOHHOM YaCTOTHI
Ha macmtabax 60sb11e JJIMHBI CBOOOHOTO Npo0era u BpeMeHax 0o0sibllie 00paTHON 4acTOThI
coylapeHun
Ha macmrabax Gosbiiie pajmyca 3JIeKTPOHHONW 000JI0YKH aTOMOB U BpEMEHAax OOJIbIIe
nepro/ia oOpalieHus JIeKTPOHa o opouTe
Bepwnsriit orBeT: Ha macmtabax Gosbie 7e6aeBCKOTO paanyca U BpeMeHax 0obIie
00paTHOM TJIa3MEHHON YaCTOTHI
5.Kakue Bupl Apeiida B MArHUTHOM IIOJIE HE 3aBUCSAT OT TapaMeTpoB (MAcCChl U 3apsijia)
YaCTHUIIBI
OTtBeTHI:
Jpeiid B 0OAHOPOAHBIX CKPEIIEHHBIX MATHUTHOM U JIEKTPUYECKOM IOJIAX
['paguenTHbI npeid
LlenTpoOesxHbIN Apeid
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WHeprimoHHbIN Apeid

Bepusriii otBet: Jpeiid B 0AHOPOIHBIX CKPEIIEHHBIX MArHUTHOM H 3JIEKTPHYECKOM MOJISX

6.KynmonoBckuii morapudm 310
OTBeTHI:
Jlorapudm oTHOLIEHUS KYJIOHOBCKOIO paauyca K 1e0aeBCKOMY
Jlorapugm oTHOIIEHUS 1€6aeBCKOTO pajnyca K KyJTOHOBCKOMY
Jlorapudm oTHOLIEHUS TAPMOPOBCKOI0 pajinyca K KyJOHOBCKOMY
Jlorapugm OTHOIIEHHUS KYJIOHOBCKOTO paJnyca K KOMITOHOBCKOMY
Bepnpiii otet: Jlorapudm oTHomeHUs 160a€BCKOTr0 paanyca K KyJOHOBCKOMY
7. I1poBOIMMOCTB MOJIHOCTHI0 HOHU30BAHHOM I1J1a3Mbl CIEYIOIIUM 00pa3oM 3aBUCHT OT
apaMeTpoB IJIa3Mbl
OTBeThI:
PacreT nponopiuoHanbHO KOHIIEHTPAIMH 3JIEKTPOHOB, HE 3aBUCUT OT TEMIIEPATyphI
Pacret ¢ remnieparypoit kak T3/2, He 3aBUCUT OT KOHIICHTPAIIUU JIEKTPOHOB
[Tagaer ¢ TemnepaTypoii kak T”-3/2, pacTeT mpoNOPHUHUOHATEHO KOHLIEHTPALIUU SJIEKTPOHOB
Pacrer nponopiuonanbHO TEMIEpaType U INIOTHOCTH 3JIEKTPOHOB
Bepnpsiii otBet: Pacter ¢ Temneparypoit kak T”3/2, He 3aBUCUT OT KOHIEHTPAIIUU
JJIEKTPOHOB
8.Knaccuueckuii kordpunuent nuddysuu B rmiazme caeayonum o0pa3oM 3aBUCUT OT
MarHMTHOI'O HOJIS:
OTtBeTsI:
Koadduuument nuddysun 60obiie BIOIb CUIOBBIX JIMHUH MarHUTHOTO TIOJIS, TIOTIEPEK
CWJIOBBIX JIMHUN Majgaer kak D~B"-2
Koadduument nuddy3nn MeHble BIoIb CUIOBBIX JIMHUH MarHUTHOTO TIOJIS, IOTIEPEK
CWJIOBBIX JIMHUH majgaer kak D~B/-1
Koadduument nuddy3nn MeHble BI0Ib CUIOBBIX JIMHUH MarHUTHOTO TIOJIS, IOTIEPEK
CWJIOBBIX JIMHMH pacteT kak D~B"2
Koadpdunment nuddysnun 60mb11e B10JIb CUIOBBIX JUHUA MarHUTHOT'O MOJIS, TONEPEK
CWJIOBBIX JIMHMH pacteT kak D~B"2
Bepnpsiii otBet: Koadduument auddys3un 0osnbliie BIOIb CUIOBBIX JIMHUHA MArHUTHOTO
T0JIsA, TIOTIEPEK CHIIOBBIX JIMHUM MagaeT kak D~B/-2
9.X0n70BCKUH TOK B IJ1a3M€ BO3HUKAET U3-3a
OTBeThI:
ExB apeiida >mekTpoHoB
CTONKHOBHUTEIBHOTO Jipeiia 3IeKTPOHOB
KynoHoBckoro B3anMoieicTBUs YacTHUIL I1JIa3MBbl
JlapMOpOBCKOITO BpalieHUsI HOHOB
Bepnpiii otBeT: ExB npelida snektponos
10.ITpu paccMOTpeHUH ABM>KEHUH M1a3Mbl B MArHUTHOM I10JIE MOXKHO NpeHeOpedb eé
YIPYTOCTHIO IO CPABHEHHIO C 3JIEKTPOMAarHUTHBIMU CUJIAMH, €CITH
OTBeThI:
MarHauTtHoe J1aBJeHHe HaMHOTO BBIIIE ra30BOT0
MarauTHoe 1aBIeHue HAMHOTO HHUKE T'a30BOTI0
I1na3ma sBasgeTcs naeaabHOM
CxnMaemMocTh I1a3Mbl H30TPOITHA

Bepplit orBeT: MarHUTHOE 1aBJIEHWE HAMHOTO BBIILIE Ta30BOT0O
11.MaruuTHOE 110JI€ MCKa)KaeTCs JBIKCHUEM IIJ1a3Mbl, SCIIH
OTBETHI:
MarsuTtHOe unciio PeliHoIbACca BETHKO
MaruutHoe unciio PeifHoabaca Majo
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I[JII/IHa MAaraiuTHOI0 CKMH-CJIOSA MHOT'O MCHBIIIC pa3MCPOB CUCTCMBI
ﬂJ’II/IHa MarHUTHOTO CKHH-CJI0SI MHOTO OOJIbIIIE pasMEPOB CUCTEMBI

Bepnsiit orBeT: MarauTtHoe yuncio PeliHonbaca Benuko JJInHa MarHUTHOTO CKHH-CIIOS
MHOTI'O MEHBIIIE Pa3MEPOB CUCTEMBI
12.Bpi0epuTe BepHbIE YTBEPKACHUS ISl 3JIEKTPOMArHUTHOM BOJIHBI B IIJIa3M€E B OTCYTCTBHE
MarHuTHOTO TOJIs
OTtBeThI:
BonHa MOKeT pacnpocTpaHATBHCS TONBKO IIPH YAaCTOTAX BBILIE IIA3MEHHOM YaCTOTHI
[Tpu 601B1ION YaCTOTE CKOPOCTH BOJHBI CTPEMHUTCS K CKOPOCTH CBETA B BAaKyyMe
da3oBasi CKOPOCTh BOJIHBI O0JIBIIE CKOPOCTH CBETA
['pynmoBasi CKOpOCTh BOJTHBI OOJIBIIIE CKOPOCTH CBETA
BepHnblii oTBeT: BoiHa MOXET pacpOCTPaHATHCS TOJIBKO IPU 4aCTOTAX BBILLIE
TU1a3MeHHOM 9acToThl [Ipu 60IBIION 4acTOTE CKOPOCTH BOJHBI CTPEMHUTCS K CKOPOCTH
cBeTa B Bakyyme Pa3zoBasi CKOPOCTb BOJIHBI 0OJIbILIE CKOPOCTH CBETa
13.Anb(hBEHOBCKYIO 1 MArHUTO3BYKOBYIO BOJIHBI B IIJIa3M€ MOKHO KOPOTKO OIHCATh KaK:
OtBeTsl:
Koinebanus 311eKTpOHOB OTHOCHUTEBHO HEMOIBIKHBIX HOHOB
N3rulHele 1 Mpo0IbHbIE KoeOaH!s I1a3Mbl ¢ BMOPOYKEHHBIM MAarHUTHBIM T10JIEM
3BYKOBYIO BOJIHY C pa3fi€JIEHUEM 3apsi10B AIEKTPOHOB U HOHOB
DJIEKTPOMAarHUTHYIO BOJIHY B BBICOKOYaCTOTHOM IIPEJEIIe
Bepusriit otBet: M3rnOHbIie 1 pooabHBIE KOJIEOaHHS ITa3Mbl C BMOPOKEHHBIM
MarHMTHBIM I0JIEM
14.MoHHO- 3ByKOBasi BOJIHA MOXKET PaclpOCTPAHATHCS B IUIa3ME C XOJIOHBIMU HOHAMHU
Oaromaps
OTBeThI:
AMOUTIONIIPHOMY 3JIEKTPUYECKOMY IOJII0, BO3HUKAIOIEMY B BOJIHE
DKpaHUPOBAHUIO HU3KOYACTOTHBIX KOJICOaHUH B TUIa3Me
BMOpOKEHHOCTH MarHUTHOT'O IOJIS B CPEY
He moxet pacnipocTpaHsaThCs

BepHblii oTBeT: AMOUTIONAPHOMY 3JIEKTPHUUECKOMY I10JI10, BOSHUKAIOIIEMY B BOJIHE
15.YpaBHeHnne BnacoBa onucsiBaeT

OTBeThI:
OBouoLKI0 (YHKIMK PAacHpeeSIeHUs B CAMOCOTJIACOBAHHOM I10JI€ B OTCYTCTBHE
CTOJIKHOBEHUH
OBouonnIo (YHKIMU pacipeaeseHus Mol 1eHCTBUEM CTOJIKHOBEHHH
IIpoBOIMMOCTB MOTHOCTEEO HOHMU30BAaHHOM TIA3MBI

BepHblii oTBeT: DBOIONNIO QYHKIIMU paclpeesieHusl B CaMOCOTIaCOBAHHOM I10JI€ B
OTCYTCTBHUE CTOJIKHOBEHUMU

16.IIpuBeauTe npuMep KOJUIEKTUBHOTO MPOLECCa B IIa3Me
OtBeThI:

Anb(pBeHOBCKas BOJIHA

JlapmopoBckoe BpaleHue

CTONKHOBUTENBHBIN qperd

ONEKTPOHHBIN 3BYK
BepHnbrlii oTBeT: Anb()BEeHOBCKAst BOJIHA DJIEKTPOHHBIN 3BYK

17.0tpaxeHue 1 MOrJolIeHUe Maaonieil Ha TPaHUILy T1a3Mbl BOJIHBI IPOUCXOAUT MPH:
OTBeThI:

Otpaxenue- mpu (Ha3oBOi CKOPOCTHU CTpeMsIIeca K O0ECKOHEUHOCTH, MOTJIOICHNEe- K HYIIIO
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OTtpaxxeHue- mpu Ga3zoBoil CKOPOCTU CTPEMSIIICHCS K CKOPOCTH CBETa B BAKyyMe, TOTJIOIICHHE-
K HYJIIO
OTtpaxxenue- mpu Ga3zoBoil CKOPOCTH CTPEMSIICHCS K HYIIO, TTOTJIOMIEHUE- K CKOPOCTH CBETa
OTtpakeHue- npu (Ha3o0BOM CKOPOCTH CTPEMSIIICHCS K HYJIIO, OTPAKEHHE- K CKOPOCTH CBETA B
BaKyyMe
Bepnsiit otBeT: OTpaskenue- rnpu (Ha3oBoil CKOPOCTH CTpEeMSIIEHcs K 0ECKOHEYHOCTH,
MOTJIONICHUE- K HYJITIO
18.ITima3meHHas yacToTa 3TO-
OtBeThI:
Yacrora koaebaHuii CBOOOTHBIX AJIEKTPOHOB OTHOCUTEIIBHO HEMTOABHUKHBIX HOHOB
YacToTa BpalieHus 3JI€KTPOHOB 10 JTAPMOPOBCKUM OKPYKHOCTSM
YacToTa HU3KOYACTOTHBIX BOJIH B 3aMarHMYCHHOM IIJIa3Me
YacroTa KojieO0aHMii I1a3Mbl KaK IEJI0T0
Bepnsiii otBeT: YacToTa KoebaHnii CBOOOAHBIX JIEKTPOHOB OTHOCUTEIILHO
HETIIOBMIKHBIX TOHOB
19.BepxueruOpuanas yactoTa JijIsl 3JIEKTPOHOB B IJIa3M€ B MIPUCYTCTBUU MAarHUTHOTO IMOJIS
OTBeThI:
Bcerna Brie mia3sMeHHON 4acTOTEI
Bcerna Huxke niaa3MeHHOM 4acTOTHI
Bcerna paBHa njia3MeHHOM 4acToTe
Bcerna paBHa 1apMOPOBCKOIi 4acToTE
Bepnsiit orBeT: Beeria Bellie mia3aMeHHON 4aCTOTHI
20.Ha rimyOuny nNpOHUKHOBEHHS 3JICKTPOMAarHUTHOM BOJIHBI B TJIa3MY BIIHSIIOT:
OTBeETHI:
Konebanus 31ekTpoHOB
KoHeuHas TeMriepaTypa 3J1€KTPOHOB
CTOKHOBEHHMS SJIEKTPOHOB C TSHKEJIBIMU YaCTUIIAMH, €CJIA 3TO CTOJIKHOBEHUE MTPOUCXOIUT C
YaCTOTOM COIOCTAaBHMOM C YaCTOTOM BOJIHBI
Bce BolenepeuncieHHoe
Bepneiit orBeT: Bee BhlenepeuncieHHoe

II. Onucanue wkanvl ouenueanus

Oyenka: 5
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 90
Onucanue xapakmepucmuku 6blnoneHus 3uanus: PaboTa BeIIONIHEHa B paMKax "MPOABUHYTOT0"
ypoBHs. OTBETHI AJaHBI BEPHO, YETKO CPOPMYIUPOBAHHBIE OCOOEHHOCTH MPAKTUUECKUX PELICHHH.
Ha Bonpocs! nporpaMMbl-MUHUMYM OTBEYAET YBEPEHHO

Ouyenka: 4
Huodienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku 6blnoaHeHus sHanus: Paborta BbITOIHEHA B paMKax "0a30Boro"
ypOBHA. BONBIIMHCTBO OTBETOB JJaHbI BEpHO. B uacTu MaTepuaia ectb He3HAUYUTEIbHbIE
HemocTaTku. Ha Bompock mporpaMMbI-MHHUMYM OTBEYAET YBEPEHHO

Oyenxa: 3
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 50
Onucanue xapaxmepucmuxu vinoineHus sHanus: Pabora BeIMOTHEHA B paMKaXx "MoporoBoro"”
ypoBHs. OCHOBHAS 9acTh 3a/IaHUS BHITIOJTHEHA BEPHO. HA BOMPOCHI YTIITYOJICHHOTO YPOBHS CTYJICHT
OTBETUTH HE B COCTOSTHHH. Ha BOMPOCH! MpOrpaMMbI-MUHUMYM OTBEYAET yOBICTBOPUTEIHHO
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1I1. Ilpasuna évicmaesnenusn umo2o80i OYeHKU no Kypcy

OneHka BBICTaBISIETCS HAa OCHOBAaHMHU JK3aMEHA U PE3yJbTaTOB IPOMEXYTOUYHBIX KOHTPOJIBHBIX
MEPOIIPUATHH.
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