[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

®K1O: Kocerok Cepreit Muxaiinosuy

[lomkHocTb: pekTop .
[laTa NoANMCaHNS: 16%85‘0&% MaTepHa/ibl 1JI MIPOMEKYTOIYHOH AaTTECTALMMA MO JUCHUIIJIHHE:

YHUKanbHbI MPOrpaMMHbIA KIKOY:

e3a68f3eaale62674b54f4998099d3d6bfdcf836 QDu3zuka, 2 cemecmp
Kon, Hanpasienue 09.03.02
MOJITOTOBKU WubopManinoHHbIE CUCTEMBI M TEXHOJIOTHI
Hampasnennocts (poduis) NudopmannoHHbIe CUCTEMBI M TEXHOJIOTUU
®dopma 00yueHus O4Has
Kadenpa-pazpadborunk Kadenpa sxciepuMeHTaIbHON QU3NKH
Brimyckaromias xadenpa Kadenpa nadopmaTiku 1 BHIYUCIUTEIBHON TEXHUKU

TunoBble 3a1aHus 1JI1 KOHTPOJIbHOI padoTsl (2 ceMecTp)

Bapuanrt 1

1. Koub1i0o U3 MeIHOU MTPOBOJIOKU MTOMENIEHO B MAarHUTHOE T0JIE MEPIEHIUKYISIPHO
JIMHUSIM MarHUTHOW MHAYKUMH. J(nameTp komibia 30 cM, AuaMeTp NPOBOJIOKU 2 MM.
Ornpeaenutb CKOPOCTh U3MEHEHUSI MAarHUTHOTO TOJIs, €CJIM TOK B KoJiblie 1 A.

2. B ogHOpPOIHOM MAarHUTHOM TIOJIE PABHOMEPHO BPAIAETCS MPSMOYTOJIbHAS paMKa ¢
yactotor 60006/mun. Ammutyna 3/[C paBra 3 B. Onpeaenuts MakCUMaJIbHBIN
MAarHUTHBIN MOTOK YEPE3 PaMKYy.

3. Cuna Toka B 0OMOTKE cosieHoua, coaepxamero 1500 BUTKoB, paBHa 5 A. MarHUTHBIH
MOTOK Yepe3 MornepeyHoe ceueHue coeHounaa cocrapisgetr 200MkB06. Onpenenutsb
HHEPTUI0 MAarHUTHOTO TOJISI B COJICHOUJIE.

Bapuant 2

1. B xarymke quHo# 0,5 M, tuameTpom 5 cM 1 unciiom BUTKOB 1500 TOK paBHOMEPHO
yBenuuuBaercs Ha 0,2 A 3a onHy cekyHay. Ha kaTylky HajeTo KoJabLo U3 METHOM
TIPOBOJIOKH C TLIONIAABIO ceueHus 3 Mm2. ONpeaenuTh CUITy TOKA B KOJbIIE.

2. JlBe JUIMHHBIE KaTyIIKH HAMOTaHbl Ha OOLIMH CepJeUHUK, TPUYEM UHIYKTUBHOCTb 3TUX
karymek 0,64 I'n u 0,04 I'n. OnpenenuTs BO CKOJIBKO pa3 YMCIIO BUTKOB IEPBOI
KaTyILIKU OOJIbIIIe, 4YeM BTOPOIi.

3. Topoup ¢ BO3IyIIHEIM cepAeuyHUKOM coaepkuT 20 BuTKoB Ha 1 cM. Onipenenuthb
00BEMHYIO IIIOTHOCTH SHEPTUU B TOPOU/IE, €CITU TI0 €r0 OOMOTKE MPOTEKAET TOK 3 A.



Bapuant 3

1. Tloka3aTh BO3MOXKHBIE YHEPTETUUECKHE YPOBHU aTOMa C 3JIEKTPOHOM B COCTOSTHUU C
TJIaBHBIM KBaHTOBBIM YHCIIOM PaBHBIM 6, €CIIM aTOM MOMEIIEH BO BHEIITHEE MAaTHUTHOE
noJe.

2. Bo ckoibpKO pa3 yBENHYUTHCS pagyc OpOUTHI JIEKTPOHA y aTOMa BOJOPO/a,
HaXOJIAIIEroCsl B OCHOBHOM COCTOSIHUH, PY BO30Y X AeHUH ero ¢GoToHOM dHeprun 12.09
’B?

3. OmpenenuTh MEXaHUYECKHIA MOMEHT MOJIEKYJIbI O2 B COCTOSTHHHM C BpaIlaTeIbHOM
sHeprueii 2.16 MdB? d=121 nm.

Bapuanr 4

1. 3amnucarb BO3MOXKHbBIEC 3HAUEHUSI OPOUTAILHOT'O KBAHTOBOT'O YKCJIa U MAarHUTHOTO
KBaHTOBOT'O YMCJIA /ISl TJIABHOTO KBAHTOBOTO YHCIIA PABHOTO 4.

2. Kakyto paboTy Hy>KHO COBEPIIUTH, YTOOBI YAATUTH 3JIEKTPOH CO BTOPOI OpOUTHI aToMa
BOJIOPO/ia 3a MpeeIibl IPUTSHKEHUS €ro SApoM?

3. Omnpenenure, BO CKOJIBKO pa3 OpOUTANIBLHBIM MOMEHT UMITYJIbCA JIEKTPOHA,
Haxosuierocs B f coctostHuu, 0oJbINe, YeM JUISt SJIEKTPOHA B P COCTOSTHUH?

TunoBble 3aJaHUS K IK3aMeHY 110 IMCIHHUIUINHE (2 ceMecTp)
[TpoBeneHME MPOMEKYTOYHOM aTTECTAIMK B 2 CEMECTPE B BHJIC DK3aMeHa. 3a/IaHus Ha DK3aMEHE
cojiepaT 2 TEOPEeTHUECKUX BOIpOca U 3a7auy.

3anmanue ISl TOKa3aTeNs OICHWBAaHUS JUCKPUITOpA «3HaeT» Bun 3ananus
Bapuant 1 TEOPETHUUECKHH,
1. Kimaccuueckuii 3aK0OH CJIOKEHHSI CKOPOCTer (BBIBOJ (POPMYJIBI, PUCYHOK). BOIIPOCHI K
2. DOnexkrpuueckoe mnoise. HampspkeHHOCTh snexTpuueckoro mnoussd. IlpuHiun 9K3aMEHY
CyNepno3uLnU MOJEH.
Bapuanr 2
1. IToHATHSA TPOCTPAHCTBA, BPEMEHU, MATEPUATBHON TOUYKH, TPAEKTOPHH, MYyTH,
HEpPEMELICHHUSL.

2. Hupkynsamust BekTopa HampspkeHHOCTH. [loTeHumanbHBIN — Xapakrtep
3JIEKTPOCTATHYECKOTO MOJIS.

Bapmuant 3

1. Yckopenue tena. [IpsmonuHeitHoe HepaBHOMEPHOE NBIDKEHHUE. [[BHKEHHUE C
OTPHILATEIBHBIM YCKOPEHUEM.

2. Dnektpuyeckue 3apsiabl. BzaumonelcTBUe AIIEKTPUYECKUX 3apsiioB. 3aKOH
Kynona. [IpuHuun cynepno3uuuu s CUIL.

Bapuanr 4

1. Ckopocte Ttena. IlpsimonuHeilHoe paBHOMepHOe JBWXKeHue. IlyTe u
MepeMeNICHAE IPY NPAMOJIIMHENHOM JABMKCHUH.

2. [IpoBoHUK BO BHEIIHEM 3JIeKTpUUecKoM moiie. Teopemslr Papazes

Bapuant 5

1. KpuBonuneiinoe neuxenue. HopMallbHOE U TaHT€HIIMATBHOE YCKOPEHUSI.

2. qusnexrpuxu. [lonspuszaius AUIEKTPUKOB.

Bapuanr 6

1. [TepBbrii 3akoH HploToHA. ["paHuiibl IPUMEHUMOCTH KJIACCUYECKON MEXAaHUKH.




2. TemoBoe U3MydeHNUE.

Bapuant 7

1. ®oTosddexr.

2. DOnexrpoemkoctb. Konnencaropel. IlocnegoBarenbHoe — coelUHEHUE
KOHJICHCATOPOB.

Bapuant 8

1. Macca Tena. Imnynbc Tena. 3aK0H COXpaHEHHs UMITYJIbCa.

2. DJIEKTPOEMKOCTb. Konnencaropsl. [TapannensHoE COeMHEHNE
KOHIEHCAaTOPOB.

Bapuant 9

1. BpamarenbHoe ABH)KEHUE Tella. YTJI0BOE NIEpeMeleHre, YTIIIOBble CKOPOCTh U
yckopenue tena. IlyTe u mepemenienne npu KpUBOJIMHEHHOM ABIKEHUH TEJa.

2. Dpdext Komnrona.

Bapuant 10

1. Ilepuona u yactota BpamieHus. CBs3b JMHEWHBIX U YTJIOBBIX KUHEMATHUYECKUX
BEJIMYNH.

2. TlocrostHHBINA 3nekTpuueckuil Tok. Cuila TOKa, BEKTOpP IUIOTHOCTH TOKA.
YpaBHEHHE HETIPEPHIBHOCTH. Y CIIOBHE CTAIlMOHAPHOCTH TOKA.

Bapuanrll

1. Kunetnueckas sHeprus Bpalaronerocs refia.

2. SIBnenune camouHAyKUUU. THAYKTUBHOCTB.

Bapuanr 12

1. MomenT unepuuu. Teopema HlTeitnepa.

2. Monenu aroma.

Bapuanr 13

1. Cuna. Bropoii 3akon HeioToHa.

2. 3akon OmMa 1 y4acTKa Lenu. DJIeKTpHIecKoe conpoTupieHue. 3akoH Oma B
mud depenmanpHON hopme.

Bapuanrl4

1. Tperwuii 3axon Hetorona. IlpuHIiun He3aBUCUMOCTH J€MCTBUS CHUIL

2. CropoHHHME CHJBL. OJEKTPOJBMXKYLIas Cuila HCTOYHMKA. HampsixeHnue.
O0001eHHbIi 3ak0H OMa.

Bapuanr 15

1. Pabora cuibl. [loTeHunansHas sHEpTUs Teia.

2. AToMHOE€ spO.

BapuanT 16

1. Kunerndeckas sHeprusi Tena. 3aKOH COXPaHEHHUS MEXaHHYECKOHl 3Hepruu
Tena.

2. CrtopoHHHWE CHIJIBL. DJIEKTPOIABMKYIIAs CHJa WCTOYHMKA. 3akoH Owma mms
OJIHOPOJTHOTO U HEOJHOPOIAHOTO YYACTKOB IEMH.

Bapuanr 17

1. TemmoBoe n3nmydeHHeE.

2. Pabota cmier Ammepa

Bapmnanr 18

1. MoMeHT wuMmyjbCca MaTepUaJbHOM TOYKH. MOMEHT Cuibl. YpaBHEHUE
MOMEHTOB.

2. [paeuna Kupxroda. [TocieaoBarenbHOe COSTUHEHHE COMPOTUBICHHM,
Bapuanr 19

1. ®ororddexr.

2. PaboTa 1 MOIITHOCTH B LIETIH AIEKTPUUECKOTO TOKa. 3akoH [xoyms-Jlenna.
Bapuanr 20

1. Kunerndeckass sHeprusi Bpamaromierocs Ttena. [lomHas 3Heprus TBepIoro
Tena.

2. 3akoH buo-CaBapa-Jlartaca. MarHuTHoe T1oie  MPSAMOJIUHEHHOTO
MTPOBO/THUKA.

Bapuanr 21

1. Tapmonmueckne wmexaHudyeckue KoneOanus. Kunemarnyeckue




XapaKTepUCTUKU TapMOHUYECKUX KOJIeOaHUun
2. D¢ ¢exr KomnroHa.

Bapuanr 22

1. Moxenu aroma.

2. Mudpaxmust cBera. Metox @penerns.
Bapuanr 23

1. AtomHoOe spO.

2. Untepdepennus cBera. CnokeHHe ABYX KOT€PEHTHBIX BOJIH.
Bapmunanr 24

1. Juznextpuxu. [lonspuzanus qudIeKTpUKOB.
2. Ionspuzanumst cBeta. 3akoH bprocTepa.
Bapmuanr 25

1. BoaHOBBIE TPOLIECCHI B YIIPYTHX Cpeax.

2. Ilongpuzanus ceera. 3akoH Maioca.

3aI[aHI/IC JJI IIOKA3aTeJid OUCHUBAHUS JUCKPUIITOPA «Bnanmeer»

Bun 3amanus

Bapmuanr 1

3apaua. Paccrosane Mexay nByms TodedHBIME 3apsaamMu Q1 = 1 MK u Q2 = - Q1
paBHo 10 cm. Omnpenenuth cuity F, neiictByromryro Ha Touewnslid 3apsg Q = 0,1
MKkKU1, ynaneHHbI Ha paccTOSIHMM 1 = 6 CM OT MEPBOTO U Ha I = § CM OT BTOPOIO
3apsIIOB.

BapmuanTt 2

3agaya. DieKTpHUecKoe TMoJie CO3/1aHo ABYMs TouedHbIMH 3apsaamMu Qi = 40 uKn u
Q2 = -10 uKu1, Haxopsmummucs Ha paccrossaud d = 10 cm apyr ot apyra. OnpeaenuTsb
HanpspKeHHOCTh E mosst B Touke, yAaneHHOW OT MepBoro 3apsiia Ha I'p = 12 cM u ot
BTOPOTO Ha 2 = 6 CM.

Bapuant 3

3apaya. JlBe rpynmel K3 TpexX IMOCIENOBAaTEIbHO COCIUHEHHBIX JJIEMEHTOB
coequHensl mapamiensHo. DJIC E xaxmoro siemeHnrta paBHa 1,2 B, BHyTpeHHee

conporuBienne I = 0,2 Owm. [lonmydennas Oarapes 3aMKHYTa Ha BHEIIHEE
conpotuienue R = 1,5 Om. Halitu cuity Toka | Bo BHelHe# nemnm.
Bapuanr 4

3agaua. OJIC Oarapeu akkymyssaTopoB 12 B, cuna Toka | KOpOTKOro 3amMbIKaHUs
paBua 5 A. Kakyio HanOoJbIIyI0 MOLIHOCTH Pmax MOXKHO MONYYMTH BO BHELIHEH
LIETTH, COeTMHEHHOH C Takoi OaTapeeii?

Bapuanr 5

3agaya. DIEKTPOH ABHMXKETCS B OJHOPOJHOM MAarHHUTHOM IoJie ¢ MHAyKOuend B = 9
MTa mo BHHTOBOW JMHUH, paauyc R kortopoit paser 1 cM u mar h = 7,8 cwm.
Omnpenenuts nepuo T oOpaieHus 3JeKTPOHA U €T0 CKOPOCTh V.

Bapuanr 6

3agaya. DNEeKTpOH B aTOME BOJOPOJa IBMKETCS BOKPYT SApa MO OKPYKHOCTH
pamuycoM R=53 mnM. Omnpeaenurb MarHUTHBII MOMEHT [, OKBHBaJCHTHOTO

KpyToBOI'O TOKa

Bapuant 7

3agaua. Conenoun ¢ ceuenrem S =10cMm? comepxur N =10° BUTKOB. [Ipu cune
Toka | =5 A marnutHag uHayknus B mons BHyTpu comenompa pasHa 0,05 To.
OnpenenuTs UHAYKTHBHOCTE L comenounna.

Bapuant 8

3apauya. MarautHoe (B=2 MTn) u sanekrpudaeckoe (E=1, 6 kB/m)

coHampaBJyieHbl. [lepmeHauKynsspHO BekTopaMm B u E Bieraer 3JIEKTPOH CO
ckopocthio 0 =0,8 Mwm/c. OnpeneyuTh YCKOPEHUE JICKTPOHA.

MPAKTUYECKUI




Bapuant 9
3agaya. Ha kene3HOmOpOXXHOM IuiardopMe YCTaHOBIGHO opyaue. Macca

maThopMel ¢ opyaueM M = 15 1. Opymue cTpenseT BBEpX IO YIJIOM ¢ = 60°
TOPU30HTY B HampaBieHHd TyTH. C Kakoil CKOPOCTBIO L1 TOKATUTCS Iatdopma
BCJIECTBHE OTAAYH, €CJIM Macca cHapsiaa M = 20 KI' ¥ OH BBUIETAET CO CKOPOCTHIO L2
=600 m/c?

BapmuanTt 10

3agaya. Ha ropu3oHTanbHYI0 OCh HACA)KEHBI MAXOBUK U JIETKUH IIKUB paanycoMm R =
5 cM. Ha mkuB HamoTaH IIHYp, K KOTOpOMY MpHBs3aH Ipy3 maccoil m = 0,4 kr.
Omyckasch paBHOYCKOPEHHO, Tpy3 mpomen myth S = 1,8 M 3a Bpems t = 3 c.
OmnpenenuTs MOMEHT MHEPUUU J MaxOBUKa. Maccy IIKKMBa CUMTATh NMPEHEOPEKUMO
MAJIOH.

BapuaHT 11

3amauya. Temo OpormieHo moj yriaoM K Topu3oHTy. OKa3anoch, 9YTO MaKCHMabHas
BeicoTa mombeMa hyx = % S (rme S — pmanmpHOCTH moyeTa). Ilpenebperas
COTMPOTHBIICHUEM BO3/yXa, ONPEJICIUTE YOl OpOCKa K TOPH30HTY.

BapuasnT 12

3apaua. Haiitu pamuyc R Bpamaromerocst xKoieca, €Ciad M3BECTHO, YTO JUHEHHAas
CKOPOCTb V1 TOYKH, Jiexauied Ha o0ozne, B 2,5 pa3a 0oJjble JTUHEHHOH CKOPOCTH V2
TOYKH, JIeXKAIIeH Ha PaCCTOSHUH =5 cm OIIKe K OCH KoJeca.

Bapwuanr 13

3agaua.

B 6ammone BMecTuMocThIO V = 25 11 HaxoguTcs Bogopoxa mpu temieparype 1 = 290
K. Tlocme Toro kak dYacTh BOJOpPOJAA H3PAcXOJOBANH, AaBlieHHE B OajlioHe
noHusuiock Ha Ap = 0,4 MIla. OnpenenuTbs Maccy M U3pacxo10BaHHOTO BOJOPOA.
Bapuanrt 14

3apaya. Cwmech renmuss M aproHa Haxomutrcs npu Temmeparype 17 = 1,2 kK.
OmnpenenuThb CpeTHIO KBaIPATUIHYIO CKOPOCTH {Us) ATOMOB TEJHS M aproHa.
Bapmanr 15

3apauya. Touka coBepiIaeT rapMoHu4eckue KojeOaHus. B HEKOTOpeIi MOMEHT
BpPEMEHH CMeIlleHHe Toukn X =5cMm, ckopocth ee v =20 cMm/c u yckopenue a=-380
cM/c?. HaifiTu IMKIHYecKylo 4acTOTy M TIepHOJ KojeGaHWil B paccMaTphBaeMblii
MOMEHT BPEMEHH U aMIUIUTY/y KoJieOaHHH.

Bapuanr 16

3agaya.

Paccrosiare d mexay aByms mensimu B onbite FOHra paBuo 1 mwm, paccrosinue | ot
meneil 10 dSkpaHa paBHO 3 M. OmpenenuTts UIMHY BOJHBI A, HCITyCKaeMOU
MCTOYHUKOM MOHOXPOMATHYECKOTO CBETa, €CJIM MIMpHHa b mojoc nHrephepeHinm Ha
9KpaHe paBHa 1,5 MMm.

Bapmanr 17

3agaya. Ha mens mmpunoil ¢= 0,05 MM magaer HOPpMaJIbHO MOHOXPOMAaTHYECKHN
cser (A = 0,6 mxm). Onpenenurs yroa ¢ MeXIy HepBOHAYaIbHBIM HaIlPaBICHUEM
Iy4Ka CBETa W HAMPaBJICHUEM Ha YETBEPTYIO TEMHYIO TU(PPAKIUOHHYIO TIOJIOCY.
Bapuanr 18

3apaua. Yron bproctepa op mpu maneHuy CBETa U3 BO3AyXa Ha KPUCTAUT KAMEHHOM
coJ paBeH 57 ¢ OrnpeaenuTs CKOPOCTh CBETA B ’TOM KpHCTAJLIE.

Bapmuanr 19

3apaya. Bo ckoibko pa3 ociabisieTcss MHTEHCUBHOCTh CBETA, MPOXOISIIETO depes3
IBa HHUKOJS, TJIOCKOCTH IPOIYCKaHUA KOTOPBIX OOpas3yloT yroia o = 30°, ecom B
KaXIOM U3 HUKOJIeH B oTAenbHOCTH Tepsiercss 10 % MHTEeHCHBHOCTH HaJjaroIlero Ha
Hero cera’?

Bapuanrt 20

3agauya. Yron bproctepa €s mpu MageHuWM CBETa U3 BO3QyXa Ha KPUCTAJUI

KaMEHHOM coiM paBeH 57°. OnpenenuTb CKOpOCTh CBETA B 3TOM KpHUCTaJlIE.
rie AY=0,01¢.




Bapuanr 21.
3agaya. MomHocTs M3My4yeHHs abOcomoTHO uyepHoro Tena N = 34 xBr. Haiftu

teMriepaTypy T 3TOro Temna, €Clii U3BECTHO, UTO €0 IOBEpXHOCTh S = 0,6 M z,
Bapuanr 22

3agaua. Kakyro sHepreTHUeCcKyr CBETUMOCTh R» MMeeT aOCONIOTHO YepHOe Telo,
€CIM MAaKCHMyM CHEeKTPaJbHOW IUIOTHOCTA €r0 DJHEPreTHYeCKOH CBETUMOCTH
MIPUXOIUTCS Ha AMUHY A = 484 HM?

Bapuanr23

3agmaya. Ha xakyoo QIIUHY BOJHBI A TIPHXOIUTCS MAaKCHMYM CIEKTPaTbHOM
IUIOTHOCTH DHEPTreTUYECKON CBETHMOCTH aOCOJIOTHO YEpPHOTO Teja, HMEIOIIETO

TeMIEepaTypy, paBHYIO0 TeMmrieparype t= 37"C uenoseueckoro tena, T.e. T =310 K?
Bapuanr 24

3apgaya. J{rHA BONHBI CBETa, COOTBETCTBYIOMIAS KpacHOW rpanunie gorodddexra,
JUISE HEKOTOpOro Metaiuia Ao = 275 uMm. Halitu MUHMMasbHYIO 3HEpruio € (OToHa,
BBI3BIBAOIIETO POTOIPDEKT.

BapmuanTt 25

3apauya. doronbl ¢ sHeprueit € = 4,9 3B BBIpPHIBAIOT SJEKTPOHBI M3 MeTaia C
pabotoit Beixona A = 4,5 3B. HaliTn MakcUManbHBIH UMIYJIBC Pmax, €PEAABAEMBII
MOBEPXHOCTU METAIlJIa MPU BBUIETE KaXKJI0TO AJIEKTPOHA.




