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AHHOTANMA

B nmaGoparopHoMm mpakTuKkyme 1Mo o0Iel (u3MKe CTYIEHTHI BBHIMOJHSIOT J1aboparopHbie paboThl MO BCeM
OCHOBHBIM pazzenaM Kypca oOmeidt ¢usmkn: «Mexanuka», «TepMonTuHaMUKa W MOJICKYIISIpHAsT (PH3HKa»,
«DJEeKTpUYecTBO M MarHetusm», «Ontukay u «KBaHTOoBas Mukpodusuka». B mabGoparopum kadenps
MPE/ICTaBICHO JIOCTaTOYHOE KOJMYECTBO YCTAHOBOK 10 KaXKAOMY pasneny Kypca. JlabopaTtopHbie YCTaHOBKH
IPYNIHPYIOTCA MO TeMaM paszena. Tembl Ja0opaTopHBIX pabOT OpraHM30BaHbl B MapIPYTHI, IO KOTOPHIM
NPOBOIUTCS BBINIOJHEHHE pPaboT cryaeHTamu. /[l kakmoilt nabopatopHol paboOThl  MOATOTOBICHBI
CIelaIbHbIe ONUCAHUA: ONMCAHUE TEeMbl PaOOThI, ONMCAHNE SKCIEPHUMEHTA, IPOBOAMMOTO B Ja0OPaTOPHOM
paboTe 1 TEXHUYECKOE ONMCaHue TabOpaTOPHOI yCTaHOBKU. B maboparopHOM MpakTHKyMe paccMaTpUBArOTCS
KIIIOYEeBbIE  TOHATUS  OKCIIEPUMEHTANbHOW  (u3mkm,  CTymeHTBl ~ OOydaroTcs  3JI€eMEHTapHBIM
IKCIIEPUMEHTAIBHBIM METO/IaM, a TAK)KE HaBBbIKaM PabOTHI ¢ 000PYIOBaHUEM.

[IpakTuyeckas padora B 1a0OPaTOPHUH MO3BOJISIET CTYJICHTaM pa3o0parkesi B 0a30BBIX (PM3NYECKUX BOMPOCAX,
0e3 KOTOpPBIX HEBO3MOXKHO IITyOOKO€ MOHMMaHKe o0Imei (pu3uku. (s ycremHoro ocBoeHus J1abopaToOpHOTo
NpaKkTHUKyMa CIyIIaTeql0 HEOOXOOMMO BJaaeTh Oa30BBIMM HaBbIKAMU IIPOBEIEHHS AKCIICPUMEHTA,
MOJYYEHHBIMH B IIKOJIE, BJIAJETh OCHOBAMU MaTeMaTHYECKOTO aHaln3a, 3HaTh OCHOBBI JIMHEHHOH anreOpshl,
TEOPHUHU BEPOSITHOCTEH, a TaKKe MPUMEHATh 3HAHUS, TOJyUYCHHBIC HA JICKIMOHHBIX M CEMMHAPCKUX 3aHATHUIX
1o obmeit pusmke.

1. leau u 3apauu

eap AUCUMNIMHBI
(hopMupoBanre 0a30BBIX 3HAHWI MO (U3WKE U YMEHUS paboTaTh B JIaDOpaTOpHH IS JaTBHEHUIIETrO
WCIIONB30BaHUSI B JIPYTHX JHMCIWIUIMHAX €CTECTBEHHOHAYYHOTO CoOjiepKaHus; (HopMUpOBaHHE
KYJIBTYpPBl JKCHEPUMEHTa, WCCIIEAOBAaTEIbCKUX HABBIKOB W CIHOCOOHOCTH TPUMEHSATh 3HAHUS Ha
MIpaKTHKE.

3axayu QUCHUTNIHHBI
- QopMmupoBaHue y 00ydaronmxcst 6a30BbIX 3HAHUH 10 QHU3HKE;

- (QopMmupoBaHUE KyIBTyphl DKCIIEPUMEHTA: yMeHHe paboTaTh B J1abOparopuu, 3HATh OCHOBHEIC
METO/Ibl SKCIICPIMEHTA, YCTAHABINBATh JIOTHYECKUE CBSI3U MEXK/Ty TIOHATHSIMH,

- (1)OpMI/IpOBaHI/Ie YMGHI/Iﬁ U HABBIKOB TIIPUMCHATH TOJYUYCHHBIC 3HAHUA i1 IMOCTAHOBKU
IKCIICPUMCEHTA, CAMOCTOATCIIbHOI'O aHaJIN3a IMMOJYUYCHHBIX PE3YJIbTATOB.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, VYK-1.5 Ormpenenser W  OLEHHWBAaeT  MPAKTHUYECKUE
KPUTHUYECKUN aHaN3 U CUHTE3 MHPOPMAIIMK,  |TIOCIEACTBUS BO3MOXKHBIX BAPUAHTOB PELICHUS 3aa4u
MPUMEHSATh CUCTEMHBIH MTOXOJ TSl PELICHUS
MOCTAaBJICHHBIX 3a7a4

OIIK-2 Cnocoben ucnonb3osars coppemennbie |OIK-2.1 Cnocoben NPUMEHATh COBPEMEHHBIC
MH)OPMALMOHHBIE TEXHOIOIUH U BBIYNCIIUTEIBHYIO TEXHHKY M CEpBHCHI cetH VIHTepHeT B

MIPOTPaMMHBIE CPEJICTBA IPHU PEIISHUH 3a1a4 obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

po(heCCHOHATEHON AEATENBHOCTH, coOmonas |OIMK-2.3 3Haer oCHOBHbIE TPeOGOBAHMS MH(DOPMAIMOHHOM
TpeboBaHUg NHOOPMAIIMOHHOW OE30TIaCHOCTH  |Ge30mMacHOCTH

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHATH [IK-3.3 YmMmeeT npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
nozaxozsiee 000py10BaHHE, MHCTPYMEHTBI 1 |METOJOB, HCHOJb3yeMbIX Ha OBM, BbeMHCIMTENBHON
METO/IbI UCCIIEIOBAHUM IS PEILICHHS 3a/1a4 B |CJIOKHOCTH ~ HCIOJIB3YeMBIX ~ aJTOPUTMOB ¥ 00bema
M30paHHOW NpeAMETHOH 00IacTH TpeOyeMBbIX BHIYHCIUTEIHHBIX PECYPCOB

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbI
3HAThb!

- METOIUKY IIPOBEIEHUS 3KCIIEPUMEHTA;
- MeToauKy oO0paOOTKH MOJYyYEHHBIX PE3YJbTaTOB.
YMETB:



- paborarh C COBpEMEHHBIM HU3MEPUTEIBHBIM 000PYIOBaHUEM;
- TpaBWIBHO 00pabaThIBaTh MMOJYYCHHbIE SKCIIEPUMEHTAIbHBIC TaHHBIC.
BIAJIETh:

- HaBbIKaMH pa60TBI C COBpCMCHHBIM U3MCPHUTCIbHBIM O60py,Z[OBaHI/IeM;
- OCHOBHBIMH MAaTE€MAaTUYC€CKUMU UHCTPYMCHTAMHU, XaPAKTCPHbIMU JJId 3a1a4 MCXaHUKH.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHIM, BKIIIOYas

CaMOCTOATCIIbHYTO pa60Ty, qac.

No Tema (pazmen) TUCITUTUTHHEL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 Bonnbie pabotsr 1 4 5
2 BBonnbie paboThl 2 4 5
3 3amuTa pabor. 4 5
4 Nzyuenue anekrpoHHOTr0 ocuuiuiorpada 4 5
OmpeneneHue  MOMEHTOB — HHEPLHHU
5 TBEPIBIX TEJI C MOMOIIBIO TPUPHUIISIPHOTO 4 5
nozBeca.
6 3ammra pabdor. 4 7
OKcnepuMeHTallbHAasl MPOBEPKa 3aKoHa
7 BpAILATENBHOTO JIBH>KECHHUSI Ha 4 5
KpectooOpasHoMm MasiTHHKe O6epoOeka.
OmpeneneHue ycKOpeHHs CBOOOIHOTO
NaJeHUusT TpPU TOMOIM  OOOpPOTHOTO
8 MasTHUKa.  V3yueHnme  (U3HMUECKOTO 4 >
MasITHUKA.
9 Omnpenenenne momyns FOHra. 4 5
10 |3amwuTa pador. 4 5
1 UccnenoBanue MPELECCUU 4 5
YPaBHOBEIIEHHOTO THPOCKOTIA.
12 |M3y4enue KonebGaHU CTPYHBI. 4 5
13 |Ompenenenrie CKOPOCTH MOJIETA MYJH. 4 5
14 HccnenoBanne CcBOOOMHBIX KoJeOaHMI 4 4
CBSI3aHHBIX MAsSTHUKOB.
15  |3amwuTa pador. 4 4
Cranuonapuoe  tedenue  (bepnymin,
16 . 4 5
[lyazeiins).
17 Bszkocth KUJKOCTH, SHEprus 4 5
aKTHBAIHH.
18  [Bakyym. 4 5
19 | duddysus. 4 5
20 | TemmonpoBOJHOCTG. 4 5
21 MonekyaspHbIE SIBICHHUS. 4 5
22 |3amuta paboT 4 7
23 |Ompenenenune CP/CV ra3os. 4 5
24 | ®a30Bble MEPEXOBI. 4 5
25 |3amura paboT 4 5
26  |PeanbHbIe rassl. 4 5
27  |IloBepXHOCTHOE HaTsKEHHUE. 4 5




28  |TemoeMKOCTb. 4 5
29  |3ammra paboT 8 8
30 MaruuTtometp .AOCONIOTHBIA BOJIBTMETP. 4 5
MopaenupoBaHue 3JIEKTPUIECKUX TOJIEH.
CriexTpbl  DJEKTPUYECKHX  CHTHAJIOB.
31 BonnoBoa.  CuHTe3  3NEKTPUYECKUX 4 5
CUTHAJIOB.
Maruetpon (u ¢QokycupoBka). 3akoH
32 TpEX BTOpHIX. OnblT MUUIHKEHA. 4 >
33 Casur (a3 B uenu MepeMEHHOro TOKa. 4 5
Pe3onanc HanpsioxeHuil.Pe3oHaHC TOKOB.
Oddexkr Xomma B MOTYMPOBOTHHKAX .
Oddexr Xomna B MeTallIax.
34 MarseroconpoTHBIICHHE 4 >
MOJTYTIPOBOJHHUKOB.
CBoOoanHbIe KONeOanus . BEIHYXIeHHBIE
35 |konebanusi . [IpoGomoii mym . Kome0. 4 5
KOHTYp C HETMHEWHON EMKOCTBIO.
Hua- wu napamarHetuxku. [Jua- wu
36 |mapamarHeTHKH. Hna- u 4 5
napaMaraeTuku. Ckua-3¢dexr.
37  |bannucTHYECKHUN ralbBaHOMETD. 4 5
38 Penakcanmonsslii reneparop. Tieroniuit 4 5
pa3psiza . BeIcOKOUaCTOTHBIN pa3psifl.
Iletns  rucrepesuca  (AMHAMHUYECKHI
METO/) Jlerns rucrepesuca
39 (cTaTmaeckwmii METO). 4 >
[TapameTpoHn./[BoliHOE SpMO .
40 3ammura pabot 20 25
Komeria  Heiotona.  UaTepdepomerp
4 XKamena. Murepdepomerp Pernest. 4 4
IlenTpupoBaHHbIE ONTUYECKHE CUCTEMBI.
42 MonenupoBanue ONTHUYECKUX 4 4
npudopos.Pedpakromerp AbGe.
43  |U3yuenwue nasepa . 4 4
44  |dudpaxaus cBera. 4 4
45 [onapuzanus. 4 4
46  |Murepdepenuns BoaH CBY. 4 4
47  |dudpakunoHHble peméTKH (TOHHOMETP). 4 4
48 | [IBoifHOE Ty4YenpeaoMIIEHHE. 4 4
49  |dudpakuus Ha yIbTPa3ByKOBBIX BOJHAX. 4 4
50 Pazpemi.  cmocoOHOCTH ~ MHKpOCKOMaA 4 4
(meTom AGGe).
51 |3ammrta pabot 16 31
52 |2ddexr [Nokkenbca. 4 4
Hroro wacos 240 300

HO,I[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

540 ygac., 12 3au.en.

4.2.

Coneprxanne TUCIUIUIAHBI (MOl ), CTPYKTYPUPOBAHHOE MO TeMaM (pa3iernam)

Cemecrtp: 3 (Ocennwii)

1. BBonmHbie paboTsr 1




W3ygaroTcsi cucTeMarnyeckue M CllydaiHble TOTPELIHOCTH NPUOOpPOB Ha IpUMEpe HM3MEPEeHHs
YIENbHOIO  CONPOTHBIEHHS HUXPOMOBOM  NpPOBOJNIOKH. HMccnmenyroTrcs  MHCTPYMEHTAJIBHBIE
MOTPEIIHOCTH  AHAJOTOBBIX M IHU(POBBIX NPUOOPOB, 3aKOHBI CIOKEHHS IOTPEIIHOCTEH,
[IOTPEIIHOCTD MIPY MOIYYEHUH MPSIMOM METOJIOM HaUMEHBIINX KBaIpaToB

2. Brogubie paboTh 2

Ha npumepe KOCMHYECKOTO W3IIy4E€HHS, PErUCTPUPYEMOro cueTdukoM leirepa, usydarorcs
OCHOBHBIC METO/IbI CTATUCTHYECKOH 0OpabOTKM JaHHBIX. V3ydaroTcsi OCHOBHBIC CBOWCTBa
HOpPMAaJBHOTO pactpeneneHuss u  pacnpenenenus Ilyaccona. Hcecnemyercss  3aBHCHMMOCTB
CPEIHEKBAIPAaTUYHOIO OTKJIOHEHUS JaHHBIX OT 4Kciia U3MEPEHUH.

3. 3amura pador.
[IpoBepsiercst 3HaHUE CTY/IEHTAMH OCHOB 00pPa0OTKU Pe3yJbTaTOB IKCIIEPUMEHTOB. 3anuTa pador.
4. V3yuyeHue >1eKTpOHHOTOo ociuiuiorpada

NzyyaeTcst ycTpOHWCTBO M MPUHIUI PA0OTHI 3JIEKTPOHHOTO ocuuiutorpada. M3mepstoTcst mapaMeTpel
mpocredmux — KonmebaHud  --- amIudtyna, ¢asza W 4acTtoThl. Mccienyercss  BiMsAHUE
aAMIUTUTYTHO-9aCTOTHOH M ()a30BO-4aCTOTHON XapaKTEPUCTHK Ha Pe3yJbTaT U3MEPEHUI ¢ MOMOIIIBIO
ocuusuiorpada.

5. Onpe;[eneHI/Ie MOMCHTOB MHCPIUH TBCPALIX TCJI C TIOMOIIIBIO TpI/I(l)I/IJ'IHpHOFO IIoaBECa.

C noMoI1bI0 TPUPHUIISIPHOTO MOJBECA U3MEPSAIOTCS MEPUOABI KPYTHIIBHBIX KOJeOaHUH Tel pa3iInyHON
¢opmel. [lo M3MepeHHBIM NepHoaM BBIUUCISIOTCS MOMEHTHI MHEPLUM TeJ, 3HAUYCHHS KOTOPBIX
CPaBHHUBAIOTCS C MOJIyYEHHBIMHU M3 PACUETOB M0 MX T€OMETPHUECKUM pa3MepaM. DKCIIEPUMEHTAIbHO
poBEpsieTCs alIUTUBHOCTE MOMEHTOB HHEPLMU U TeopeMa [ roiirenca—IlIreiinepa.

6. 3amuTa pador.
[IpoBepsieTcst 3HaHUE CTYIEHTAMH OCHOB 00pa0OTKU Pe3yJbTaTOB IKCIIEPUMEHTOB. 3anuTa pador.

7. DKcniepUMEHTalIbHAsl TIPOBEPKA 3aKOHA BPAIATEIbHOTO JBIKCHUS HA KPECTOOOPa3HOM MasTHHKE
OobepbOexa.

C nmomouipio KpecTooOpa3HOro MasiTHHKA, K OCH KOTOPOTO IOJABEIIMBAIOTCS TPy3bl Pa3IHuHON
Macchl, UCCIIEyeTCsl OCHOBHOM 3aKOH BPAaLaTeIbHOIO JIBUKEHUA. DKCIEPUMEHTAIBHO IIPOBEPSIFOTCS
COOTHOIIEHUS M1 MOMEHTOB HHEpPUUH LWIMHAPOB M 3aBUCUMOCTH MOMEHTAa HHEpPLUUU OT
paccrosHUsL O Oocu BpaueHus. Mccnenyercst BIMsSHUE CONPOTHBIEHHUS BO3lyXa Ha HCKaKEHHE
pe3yABTaToB OIBITA.

8. OmpeneneHne yCKOpeHHsT CBOOOIHOTO MaJICHHs TP MOMOIIKM 00OPOTHOTO MasiTHHKA. M3ydeHue
(hU3NIECKOTO MasITHHKA.

C nomomipio QHU3NUECKOr0 MasTHUKA B (QOpMEe JIUHHOTO CTEPXHsI U OOOPOTHOTO MAasiTHHKA C
MOIBMKHBIMU T'Py3aMH HCCIIEAYIOTCS OCHOBHBIC 3aKOHBI KOJICOATEIHHOTO JBWKEHHS. M3Mepstorcs
HEePHOJIbI KOIeOaHUH MAasITHUKOB, HCCIIEIYIOTCS 3aBUCHMOCTh IEPUOJia OT aMILTUTYIIbI KOJCOaHUH U
3aryxanus. [lo 3HadeHHIO TepHoma W3MEpSeTCs YCKOPEHHWE CBOOOMHOTO MaJIeHHsS C BBICOKOH
TOYHOCTBIO.

9. Omnpenenenne moxyns FOwnra.

Uccnenyrorcss maneie ynpyrue AedopMalud pacTsDKEHHs/CKaThs, H3ruda ¢ Kpy4YCHHs Ui
pas3IMYHBIX MaTepHaoB (CTalb, JIATyHb, Pa3IM4YHbICe TOPOAs! AepeBa). Ilo 3HaueHuto nedopmanyn
BBIUMCIIIETCS. MOAYJb COOTBETCTBYIOIIETO MaTepuia PasIndYHbBIMHU CIIOCOOaMH.



10. 3amuTa padorT.
[IpoBepsiercst 3HaHUE CTY/IEHTAMH OCHOB 00pa0OTKU Pe3yJbTaTOB IKCIIEPUMEHTOB. 3auTa pador.
11. UccnenoBanue npereccuy ypaBHOBEIIEHHOTO THPOCKOIIA.

HccnenytoTcst 3aKOHBI ABMKEHUS OBICTPOBPALIAIONINXCS OCCUMMETPUYHBIX Tesl (Tupockornos). [lo
CKOpPOCTH MPELECCUN THPOCKOTIA O] AEVCTBUEM MOCTOSITHHOIO MOMEHTA CHJI ONPENEISAETCS CKOPOCTh
BpALICHUS pOoTOpa. MOMEHT MHEPLUH POTOpA OMPEAEITSIETCS METOIOM KPYTHIIBHBIX KoJeOaHui MpH
CPAaBHEHMH C 3TATIOHHBIM TeJIOM. [10 OImyCckaHMM OCH THPOCKOIIa U3MEPSETCI MOMEHT CHIIBI TPEHHS B
OCH I'MpOCKOIIa.

12. Nzy4enue konebaHUi CTPYHBI.

Hccnenyrorest cTosiure BOJHBI, BO30y)KIaeMble Ha HATSHYTOH CTAJIbHOH CTPYHE C 3aKpeIyIeHHbIMU
KOHI[aMU. V3MepsroTCsl pe30HaHCHBIC YacTOTHl B 3aBUCHMOCTH OT CHWJIBI HATSHKEHHSI HUTH, U3 YETO
ONPEJIeIISIeTCs] CKOPOCTh PACIIPOCTPAHEHHUS BOJIH HA CTPYHE U €€ JIMHeWHas INIOTHOCTh. Peructpanus
KOJIeOaHUI MPOBOANTCS C TIOMOIIBIO 3JIEKTPOMATHUTHOTO JATYMKA, OAKIIIOYEHHOTO K JICKTPOHHOMY
ocumiutorpady. [1o mmpuHe pezoHanca u3mepsieTcst JOOPOTHOCTh KOJEOATENLHOW CUCTEMBI.

13. Onpenenenne CKOPOCTH MOJETA MTYJH.

CKOpOCTB noJIeTa Myjin M3 MHEBMATHYCCKOTO PYKbA HU3MEPACTCA C IMOMOIIBIO 0aIUCTHIECKOTO
METOAA. CKOpOCTI/I BBIYUCIIAIOTCA IO aMIUIUTYAEC OTKJIOHCHUA 0aJUIMCTHYECKOTO H KPYTUJIBHOT'O
MassTHUKOB C UCIIOJIb30BAHUCM 3aKOHOB COXpPAaHCHUA UMITYJIbCA, SHCPTHUU U MOMCHTA UMITYJIbCA.

14. UccnenoBanue cBOOOMHBIX KOJIEOAHNI CBA3aHHBIX MasSTHUKOB.

Hccnenytorcst 0cOOEHHOCTH KoJeOaHMH CHCTEMBI W3 JABYX CBS3aHHBIX MAasTHUKOB. M3MmepsioTcs
COOCTBEHHBIE YaCTOTHI KOJIEOaHH M HMCCIENYIOTCS COOCTBEHHBIE MOAbI KoneOaHwid. Wccnemyercs
3aBUCHMOCTb XapakTepa KojaeOaHHil OT KOHCTAHTHI CBS3H MasTHHKOB.

15. 3amuTa padort.

[IpoBepsiercst 3HaHUE CTYIEHTAMH OCHOB 00pa0OTKU Pe3yJbTaTOB IKCIIEPUMEHTOB. 3auTa pador.
Cemecrtp: 4 (Becennuit)

16. Crannonapnoe teuenue (bepuymnm, [Tyaseiins).

N3yyarorcs cBOMCTBA CTALMOHAPHBIX TEYEHUH JKUIKOCTEH W ra3oB. Pacxonm >KUAKOCTH U3MEPSETCS
pacxonoMepamu I1Iuto n Bentypu. I1o 3aBrucuMocTH pacxona ra3a oT nnepenajaa JaBiIeHMs Ha y4acTKe
TpyOBI M3MepseTcst BI3KOCTh rasa. Ilo oTkinonenue ot 3akona Ilyaseiins onpenensiercs KpuTneckoe
yrcio PeiiHonbaca, COOTBETCTBYOMIEE TEPEXOLY OT JAMUHAPHOTO TEUEHHSI K TypOyJICHTHOMY.

17. BS3KOCTb KUJIKOCTH, IHEPTUsl AKTUBALIUU.

ITo BepTHKAIBHOMY Ia/ICHHIO TPOOHBIX IAPUKOB B BEPTHKAIBHOM KOJIOE, 3aII0IHEHHON TIIUIIEPHHOM,
usMepsiercss  ko3(ppuUMEeHT BI3KOCTM KHIKOCTH B  3aBHCHUMOCTH OT Temmeparype. Ilo
YCTaHOBHUBIIEHCSI CKOPOCTH MajeHus nposepsieTca (opmyna CTokca Asl CHIbI CONMPOTHBICHUS B
BA3KOH kuakocTH. [lo TemmepaTypHOI 3aBHCHMOCTH BSI3KOCTH OIPENEISAETCS SHEPIHsl aKTHBALMH
JUI MOJIEKYJT KUAKOCTH. DHEPrusl akTUBALUs CPABHUBACTCS C SHEPrUel CBA3M, TEIUIOTOM HCIIapEHUs!
Y DHEPTUEH MOBEPXHOCTHOIO HATSHKEHUS.

18. Bakyym.



WzyuaroTcsi oCHOBHBIE METOABI MOJMYYEHHS W M3MEpeHHs Bakyyma. Mccnemyercs 3aKOH OTKayku B
B3KOCTHOM pEXHMME HpU OTKauke (OPBAKyyMHBIM HACOCOM M 3aKOH OTKAYKH B KHYJICEHOBCKOM
pEeXrMe TIPU BBICOKOM BakyyMe (¢ moMoIibio Auh(y3HOHHOTO MAaCiIsSHOTO WIH TypOOMOJIEKYIISPHOTO
HacocoB). M3MmepeHue HHU3KOIO  BakyymMa IIPOBOIUTCS  MacisiHbIM, TEPMOIApHbIM U
TEPMOPE3UCTOPHBIM ~ BaKyyMMeTpamu. BpICOkMH BakyyM H3MepsATCS HOHU3ALUOHHBIM U
MarHeTPOHHBIM BaKyyMMETPAMHU.

19. Tuddyszus.

Hccnenyerca B3aumMHas aud¢y3us BO3myXa M TesUs 4epe3 TOHKYI0 TPYOKy, COCIUHSIOLIYIO IBa
cocyga. KoHIeHTpauuu ra30B HU3MEPSIOTCA TEPMOPE3UCTOPHBIM JAaTYUKOM [0 Pa3sHOCTH
TEIJIONpPOBOAHOCTH cMecH. Mccnenyercs npuMeHMMOCTh 3akoHa Puka u  3aBHCHMOCTh
ko3 unmenta B3auMHou AU Py3uu OT JaBICHUSL

20. TenonpoBOAHOCTbD.

Hccnenyercs 3aBUCHMMOCTh KO3 @HUIMEHTa TEIUIONPOBOJHOCTH BO3MyXa OT TEMIEpaTypel u
naBieHus. 3MepeHus NMpOBOAATCS IO HArpeBy IPOBOJOKH, 3AKIIOUEHHOW B IMJIMHIAPHYECKYIO
BO3IYyLIHYI0 000nouky. Temmeparypa BHemHeld 00OJOYKM KOHTPOJUIUPYETCSI TEPMOCTATOM,
TeMIIepaTrypa MPOBOJIOKH OMPEAEIIAETCA O 3aBUCUMOCTH CONPOTHUBIIEHUSI Marepraia MPOBOJIOKHA OT
temneparypbl. Ilpn HU3KOM [aBleHMH HCCIEIyeTcs SBIEHHE TEMIIEPAaTypPHOTO CKadyka BOJIHM3H
MIPOBOJIOKH.

21. MonekynsipHbI€ SBJICHUS.

HccnemyroTcst MOJNEKyJIsIpHBIE TPOLECCHl B CHIBHO pa3pekeHHbIX rasax. M3ywaercs mporecc
JNEKTPOOTKAUKU --- TOIVIONICHMS YaCTHIl ra3a aHOJOM B pEe3yJibTare HOHH3ALUU 3JICKTPOHHBIM
yaapoMm. M3mepsiercss HaBieHUE HACHIIICHHBIX MAapOB TYTOIUIABKUX METAUIOB IO W3MEHEHHIO
JaBJICHUS NIPU HarpeBe TOKOM 00pasiia B BaKyyMe.

22. 3ammra paboT
[IpoBepsiercst 3HaHUE CTYIEHTAMH OCHOB 00pa0OTKU Pe3yJbTaTOB IKCIIEPUMEHTOB. 3auTa pador.
23. Onpenenenne CP/CV razos.

Usmepsiercss mokaszarens aauabarbl mertogamu Knemana-Jle3opmMa M aKyCTHUECKOTO pe30HAHcA.
Bbruucnsiercss 3HaueHHEe CKOpOCTH 3ByKa. M3Mmepsitorcs mnapaMeTpbl M HX 3aBUCHUMOCTb OT
TEMITEpaTyphl IJIs BO3AYyXa U YIJIEKHCIIOTO rasa.

24. ®a30BbIE EPEXOABI.

C moMoIIpi0 PTYTHOTO MaHOMETpa M TEPMOCTaTa U3MEPSIETCS] 3aBUCHMOCTD JTaBJICHHS HACBIIIIEHHbIX
MapoB OT TEMIIEPATypPbl JUIS BOIBI U CIHpTa. 110 MOMyYeHHOW 3aBHCUMOCTH BBIYUCIISCTCS TEIUIOTA
apooOpa3oBaHUs COOTBETCTBYIOIINX JKUAKOCTEH.

25. 3ammra pabot
[IpoBepsiercst 3HaHUE CTY/IEHTAMH OCHOB 00pa0OTKU Pe3yJbTaTOB IKCIIEPUMEHTOB. 3anuTa pador.
26. PeanpHble rassl.

Uccnenyercst adpdexr xoynsi—TomMcona npocauynBaHus ra3za 4depe3 MOPUCTYIO MEPETOPOAKY s
yIIeKHCIo0ro ra3a. PasHocTs Temmneparyp usMmepsiercs TepMonapoil. Beraucnstorcs: ko3huiueHTs
JTxoyns—Tomcona wu mnapamerpel raza Bas-nmep-Baanbca. Ilo  u3MepeHHBIM IapaMeTpam
MIPOU3BOIUTCS OLICHKA KPUTHUECKUX MapaMeTPOB r'a3a U TeMIIepaTypsl HHBepcHH 3 eKTa.

27. IIoBepXHOCTHOE HaATSHKCHUE.



Uzmepsiercss kK03 PUIMEHT MOBEPXHOCTHOIO HATSDKEHHSI PA3JIMYHBIX KUIAKOCTEH (BOABI M CIIMPTa) B
3aBUCHMOCTH OT TeMmmeparypsl MetogoM PeOunnepa. Onpenensercs moyiHash CBOOOIHAsT 3HEPTHs
MOBEPXHOCTH U TEIJIOTa 00pa30BaHUs €AUHULIBI TOBEPXHOCTH.

28. TemIoeMKOCTb.

N3mepsieTcss TEIUIOEMKOCTh TBEPABIX TN M TEIUIOEMKOCTb I'a30B IPH MOCTOSHHOM [aBICHUU JUIS
pa3MYHBIX pPacxofoB. Temmeparypa TBEpAOrO Teja U3MEpSeTCs IO 3aBHCUMOCTH COIPOTHBICHUS
Harpeares oT TeMIeparypsl. Temneparypa raza u3sMepsieTcsi TepMOIapo.

29. 3ammra paboT

[IpoBepsiercst 3HaHUE CTY/IEHTAMH OCHOB 00pPa0OTKU Pe3yJbTaTOB IKCIIEPUMEHTOB. 3anuTa pador.
Cemectp: 5 (Ocennuii)

30. MarautomeTp .AOCONIOTHBIN BOJIBTMETP. MOJEINPOBaHKE IIEKTPHUECKUX MOJIEH.

OmnpeneneHue TOPU3OHTAIBHOM COCTAaBIAIOMIEH MAarHUTHOTO TOJs 3€MiIM, M YCTaHOBIICHHE
KOJIMYECTBEHHOT'O COOTHOILUCHHSI MEXAY CIWHUIAMU DJIIEKTPHYECKOTO TOKAa W HAalpsDKEHUs B
cucreMax CU u CI'C. M3yueHue SIEKTPOCTATHYECKUX TMOJEH MPSIMOYTOJLHOTO Kabews, MIOCKOro
KOHJIEHCATOPa, YeThIPEX 3apsLKEHHBIX HWIMHAPOB Ha 3JIEKTPONPOBOIHOM Oymare.

31. CHCKTpLI QJICKTPUYCCKUX CUTHAJIOB. BOJ'IHOBO):[. Cunres QJICKTPUYCCKUX CUTHAJIOB.

I/I3yLIGHI/Ie CIICKTPAJIBHOIO  COCTaB NCPUOAUYCCKHUX  IJICKTPUUCCKUX  CHUTHAJIOB. HSy‘leHI/IG
BO3MOKHOCTH CHHTCE3HUPOBAHUA ICPUOAUYCCKUX OIJICKTPUUCCKHUX CHUIHAJIOB IIPU OIPaHUYCHHOM
Ha60pe CIICKTPAJIbHBIX  KOMIIOHCHT. O3HaKOMJIIGHUE C OCOOCHHOCTIMU pacupoCTpaHCHUA
9JICKTPOMAriuTHBIX BOJIH B BOJIHOBO/JC, armapaTypoﬁ n METoAaMH HU3MCEPCHUA OCHOBHBIX
XapPaKTCPUCTUK IMMPOTCKAIOIIHUX IIPHU 3TOM ITPOLCCCOB.

32. MarsetpoH (1 ¢poKycHUpoBKa). 3akOH TPEX BTOPBIX. ONbIT MUJIIMKEHA.

OmpeneneHre OTHOUICHUS 3apsia JIEKTPOHA K €ro Macce METOIOM MarHUTHOW (DOKYCHPOBKH H
METOJIOM MarHeTpoHa. OnpezeneHue yaeabHOTO 3apsaa HIEeKTPOHA Ha OCHOBE 3aKOHA «TPEX BTOPBIX»
U BAKyYMHOTO Jauofa. V3MepeHue sIeMEeHTapHOro 3apsija METOIOM MAacCIlsHBIX Kareidb MO HX
JBMKCHUIO B BO3/IyX€e MO ACHCTBUEM CHIIbI TSHDKECTH U BEPTUKAJIBHOTO AIEKTPUYECKOTO MOJIS.

33. CnBur a3 B 1enu nepeMeHHoro Toka. Pesonanc HanpshkeHuid.Pe3oHaHc TOKOB.

W3y4yeHne BIMSHUS aKTHUBHOTO CONPOTHUBIICHUS, MHAYKTHBHOCTH M EMKOCTH Ha CABMI (a3 MEXIy
TOKOM U HalpsDKEHUEM B LIETIH IEPEMEHHOIO ToKa. lccienoBanne pe30HaHCOB HaNPSKEHUI U TOKOB
B IIOCJICIOBATEIbHOM M B MapajuIeIbHOM KOle0aTenTbHOM KOHTypaxX C HM3MEHSeMOH EMKOCTBIO,
MOJTyYeHHE aMIUINTYIHO-4aCTOTHBIX U ()a30BO-YaCTOTHBIX XapaKTEPUCTHK, ONPEACICHHE OCHOBHBIX
[1apaMeTpoB KOHTYPOB.

34. Dddexr Xomna B momynpoBogHUKax . Dddekr Xomna B meramiax. MarHeTOCONpPOTHUBICHHE
MOy TIPOBOTHUKOB.

UccnenoBanne 3aBucumoctu JAC Xomna OT BeIMYMHBI MATHUTHOTO TOJISI MPH Pa3NIUYHBIX TOKax
yepe3 oOpaseln Ui ONpeseleHus] KOHCTaHThl Xoja. V3mepeHne MOIBM)KHOCTH M KOHIIGHTPALUH
HOCHUTENIEH 3apsja B MOJIYNPOBOAHMKAX M MeTayax. V3MmepeHne 3aBHCUMOCTH COINPOTHBIEHHS
MOJYIPOBOJHUKOBBIX 00pa3I0B pa3InIHON (POPMBI OT MHIYKIIUH MarHUTHOTO TIOJIS.

35. CobGonubie konebanusi . BreiHyxkneHHble kojeOanus . J[poGoBoii mym . KomneG. koHTyp c
HEJIMHEWUHON EMKOCTBIO.



UccnenoBanne cBOOOAHBIX M BBIHYKJICHHBIX KOJICOaHUH B JIEKTPUUECKOM KOJIeOATEIbHOM KOHTYDE.
Wsmepenne 3apsiia snekTpoHa 1o ApoboBoMy myMy. M3ydeHue pe3oHaHCHBIX CBOWCTB HEJMHEHHOTO
KoJIe0aTeIbHOTO KOHTYpa

36. Ina- u mapamarunetukd. Jna- nu napamaraetuxu. J{ua- u napamaraeTuku. CkuH-3hekr.

W3mepeHrne MarHUTHOH BOCHPUUMYMBOCTH JIMa- H IapaMarHUTHOTO o0OpasioB. M3ydeHue
TEMIEPaTyPHON 3aBUCMMOCTH MAarHUTHOM BOCIPUUMYUBOCTH (peppoMarHeTHKa Bbllle Touku Kiopu.
HccnenoBanue NpOHUKHOBEHUS IIEPEMEHHOTO MAaIrHUTHOI'O 110JI1 B MEIHBIN IOJIBIN LIUIIMHIP.

37. bannucTuyecKkuii TalbBaHOMETD.

N3yyenne pabOThl BBICOKOYYBCTBUTEIBHOIO 3€PKAJIbHOTO TajlbBAHOMETPAa MAarHUTOIJIEKTPUUYECKON
CUCTEMBI B PEXKUMaxX U3MEPEHHS TIOCTOSHHOTO TOKA U 3JIEKTPUYECKOTO 3apsiia.

38. PenakcanimoHHBIN reHepaTop. Tiueromuil pa3pan . BeIcoko9acTOTHBIN pa3ps.

UccnenoBanmne pelakcalldOHHOTO TeHepaTtopa Ha crabunutpoHe. l3yuyeHwe BONbT-aMIIEpHON
XapaKTEPUCTUKN HOPMAaJIbHOTO TIEIOIIETO paspsna. VM3ydeHue CBOMCTB IIa3Mbl BBICOKOYACTOTHOTO
ra3oBOIo paspsjia B BO3yXe METOIOM 30HI0BBIX XapaKTEPUCTHK.

39. Tlerns rtucrepesuca (auHaMudeckuit meron) .Ilemis rucrtepesnca  (CTAaTUYECKHH METON).
[TapameTpoHn./[BoliHOE SpMO .

Uzyuenune merenb rucrepesrca pas3iuyHbIX (HEPPOMATHUTHBIX MaTEpUANOB B MEPEMEHHBIX MOJIX.
Wsmepenne Ha4anpbHOW KpPWBOH HAMarHWYMBaHUs (EPPOMArHETHKOB M TPENENbHON IMEeTIn
rucrepesrca g 00pas3loB TOPOUAATBLHON (OPMBI, H3TOTOBJICHHBIX U3 YHCTOTO JKeJe3a WM CTaH.
Nzyuenune napaMeTpuueckux KoaeOaHuil B AIEKTPUUECKON TIETIH.

40. 3ammra paboT

OO0paboTKa MOTYYEHHBIX KCICPUMEHTAIBHBIX JaHHBIX. AHAIN3 NPUYUH, TPUBOISIIIMX K OIIHOKaM
M3MEPCHHUSA, M pacueT IMOTPEIIHOCTEH W3MEPEHHsS] HCCICAYEMBIX BEIUYMH. [IpejcTaBieHue
MpOJCIaHHOW PabOThl B BHJIE HAyYHOTrO OTYeTa. 3aluTa MOJYYCHHBIX pe3yiasraroB. OOCyxIeHHe
BOIIPOCA II0 BRIOOPY.

Cemecrtp: 6 (Becennuit)
41. Konsua Hetorona. Uurepdepomerp Kamena. Uurepdepometp Pernes.

WutepdepeHioHHOe HM3MEpPEHNEe KPUBU3HBI CTEKJISHHOM TOBEPXHOCTH C MOMOIIBIO  KOJIell
Heiotona. HMHrepdepeHuIMOHHBIE HM3MEpPEHHS IIOKa3aTrejei IMpeJOMIICHHS Ta30B C IOMOIIbIO
unrepdepomerpon Kamena u Penes.

42. LlenTprpoBaHHbBIE ONTHYECKHUE CHCTEMBI. MogenupoBanue ONTHYECKUX
npudopos.Pedpakromerp AbGe.

Uzyuenne meronoB ompeneneHusi (GOKYCHBIX PACCTOSHUNA JIMH3 U CIIOKHBIX ONTHYECKHX CHCTEM.
Omnpenenenrie XapaKTEPUCTHK ONTHYECKOW CHUCTEMBI, COCTABICHHON M3 TOHKHMX JIMH3. W3ydeHwue
chepruyeckol M XpoMarnyeckod abeppauuil. M3ydenune mopmenedt 3putenbHbIX TpyO Kemuepa u
lanmnes u mogenu mukpockona. M3MepeHne nokasareneil npesioMiIeHUs: TBEPABIX U KUIKUX TEl B
MOHOXPOMAaTHYECKOM CBETE C MOMOIIEI0 pedpakTomerpa AdOe.

43. Nzydenne nasepa .



W3yuenne OCHOBHBIX NMPUHIHUIIOB paOOTHl TEIHK-HEOHOBOTO Jla3epa, CBOMCTB JIA3€PHOTO M3IYUYCHUS
U U3MEpeHue YCWICHMs Ja3epHOil TpyOku. McciemoBaHMe COCTOSHHS MOJSPU3AIMU W3ITy4EHHS
na3epa Ha uccienyemoi TpyOke. Habmonenne MooBoO#i CTPYKTYpBI J1a3epHOTO HU3ITy4YCHUSI.

44. Indpakaus cBeta.

UccnenoBanmne spnenust nudpakuun Ppenens n PpayHrodepa Ha menu. M3ydeHue BIMsHUS
audpaKknyuy Ha pa3penaonryo ClioCOOHOCTh ONTHYECKUX UHCTPYMEHTOB.

45. Tonspu3zanusi.

O3HakoMJIEHHME € MeETolaMH IIOJyuYeHMsT W aHaiu3a I[oJisipu3oBaHHOro ceera. OmnpeneneHue
nokasaressi npesioMiieHust 300HuTa depe3 yroa bprocrepa. MccnenoBanue xapakrepa Moyisipu3aluu
CBETa B TMPEIOMJIEHHOM U OTpaxXEHHOM OT CTOmbl Jyuax. MccienoBanue uHTephepeHINU
MOJSIPU30BaHHBIX Jiyded. OmpeaereHne HampaBieHHsS BpAIICHUS CBETOBOIO BEKTOpa B
IUIMIITUYECKH [TOJIIPU30BaHHOMN BOJIHE.

46. Unrepdepennus Bonra CBY.

Nzyuenune nHTepdEpeHIINU NEKTPOMATHUTHBIX BOJIH MIJUTMMETPOBOTO JHMAaNa3oHa ¢ MPUMEHEHHUEM
JIBYX ONTHYECKUX WHTEP(EPEHIIMOHHBIX CXEM. DKCIIEPUMEHTAIBHOE OIpeNeTeHUe JIMHBI BOJIHEI
M3IIy4eHUd W TIOKa3aTesid TMPENIOMIICHUA TUAJIEKTpUKa. OKCIIEpUMEHTalbHasg IpPOBEpKa 3aKoHa
Manroca.

47. IndpakuuoHHble pemiETKU (TOHUOMETP).

3HaKOMCTBO ¢ pabOTOil M HACTPOMKON TOHHMOMETpAa M OIPEJETICHUE CHEKTPAJIbHBIX XapaKTEPHCTHK
aMIUTHTYTHOH peméTku. MccienoBanue crekTpa pTYTHOH jammbl. OnpenesieHHe CHEeKTPabHBIX
XapaKTepUCTHK (Pa30BOM PEIIETKH (DIIIENETTa).

48. JIBoiiHOE JTy4enperIoMIIeHHE.

HBy‘-IeHI/Ie 3aBUCHUMOCTH I10Ka3aTeJisl IMPEIIOMIICHUA HEOOBIKHOBEHHOI BOJHBI OT HaIlpaBJICHUA B
ABOSKOIIPCIOMIIAIONIEM KPpUCTAJLIIC. OnpeﬂeneHHe IJIAaBHBIX ITOKa3aTeeh MMpCJIOMJICHUSA B KPUCTAJLIIC.

49. lndpakuus Ha yIbTPa3ByKOBBIX BOJHAX.

Uzyuenne nudpaknum cBeTa HA CUHYCOMAAIBHOW aKyCTHMYECKOM pewérke n HaOmroneHue (pa3oBoid
PEETKU METOAOM TEMHOTO IIOJS.

50. Pa3penr. cnocobHOCTE MUKpOCKoTa (MeToj; AGOe).

Onpenenenne audpakMOHHOTO TIpejieia pa3pelieHrus OObEKTHBA MHKpPOCKONa MeToioM AOGe.
OmpeneneHue TmepuoAa pemeéToK MO HMX IPOCTPAHCTBEHHOMY CIEKTpY, MO H300paKeHUIO,
YBEJIMYEHHOMY C ITOMOIIBIO0 MOJICIM MHKPOCKOIIA, & TaKXKe, [0 OIIEHKE pa3pelaronieil CriocoOHOCTH
MUKpocKomna. [IpocTpaHcTBeHHAsT GUIBTPALIUS U MYJIBTUILUTUIIMPOBAHHE.

51. 3amuTa pabot

OO0paboTKa MOTYYEHHBIX KCIEPUMEHTAIBHBIX JaHHBIX. AHAIN3 TPUYUH, TPUBOAALIMX K OMIHOKaM
U3MEpEHHsI, W pacueT TIIOTPEIIHOCTeH W3MepeHHs HCclieqyeMblx BenuuuH. [IpencraBnenue
NpOJENaHHOW PabOThl B BHIE HAyYHOTO OTYETa. 3allWTa IOJNyYEHHBIX pe3ynasraroB. OOcyxIeHHe
BOTIpOCA IO BBIOODY.

52. Dddexr [Nokkenbca.

HccnenoBanne uHTEp(EpEHIIMM pPACCEsHHOTO CBeTa, mpouleqmero kpucramwi. Habmonenue
M3MEHEHHS XapaKTepa MOJISIPU3alliK CBETa MPH HAIIOKESHUH HA KPUCTAJLT IEKTPUIESCKOTO OIS,



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)



Cemectp: 1 (Ocennnii) MexaHuka:

Jlabopatopus 501 I'K.

1.1.1 Onpenenenne cucTeMaTH4eCKUX M CIy4YalHbBIX IOTPELIHOCTEH HA MPUMEPE H3MEPEHUS
YIEJIBHOTO COIIPOTUBIICHUSI HUXPOMOBOM IPOBOJIOKH -11 yCTaHOBOK.

1.3.1 Onpenenenue monyns FOura Ha ocHOBe HccnenoBanus AeopManuii pacTsHkeHus U u3ruoa - 6
YCTaHOBOK.

(JIabopatopuslii cTeHn 6 mr.)

1.3.2 Onpenenenne MOAYs KpyUeHHS CTEPIKHEH CTATHYECKUM M TUHAMUYECKUM CIIOCO0aMH - 3
YCTaHOBKHU

1.4.2 Onpenenenne yckopeHHs CBOOOTHOTO MaJIeHHS MTPH MTOMOIIA 000OPOTHOTO MasiTHUKA - 6
YCTaHOBOK.

1.4.4 ViccnenoBanne cBOOOIHBIX KOeOaHU CBI3aHHBIX MasSITHUKOB - | yCTaHOBKA.

Jlabopatopus 502 I'K.

1.1.1 Ompenenenne cucTeMaTHUECKUX U CIYYaHBIX MOTPEITHOCTEN HA MPUMEpE U3MEPEHUS
YIEIBHOTO COMPOTHUBIICHHUSI HUXPOMOBOH MPOBOJIOKH -12 yCTaHOBOK.

1.2.3 Onpenenenne MOMEHTa HHEPITUH TBEP/BIX TEJ C IOMOIIBIO TPUDUIISIPHOTO TTo/iBeca — 9
YCTaHOBOK

1.4.5 Vzy4enue xoneOaHus CTPYHBI

Jlabopatopus 503 I'K.

1.1.4 VamepeHrie MHTCHCUBHOCTH PaUaiMOHHOTO poHa — 12 ycTaHOBOK.

1.1.6 Uzyuenne snekrpoHHOTO ociuniorpada — 18 ycraHOBOK.

Jlabopatopus 505 T'K.

1.1.3 Craructuueckasi 00paboTKa pe3ynbTaTOB MHOTOKPAaTHBIX U3MEPEHUI (PU3HMUECKUX BETUYUH — 7
YCTaHOBOK.

1.1.4 V3mepeHre MHTEHCUBHOCTH PaJualiMOHHOTO (poHa — 12 ycTaHOBOK.

1.2.5 UccnenoBanue npereccuy ypaBHOBEIIEHHOTO THPOCKOTIA 8 YCTaHOBOK.

1.4.1 Vzy4yenue ¢pu3nveckoro MasiTHUKa -4 yCTaHOBKH.

1.4.2 Onpenenenne ycKOpeHHs: CBOOOHOTO MAJIeHHS ITPHU TOMOII 0OOPOTHOTO MasiTHUKA | yCTaHOBKa.
Jlabopatopus 506 I'K.

1.2.1 OmpeneneHune CKOPOCTH TOJIETA ITYJIK 8 YCTAHOBOK.

1.1.5 UccnenoBanue ynpyrux CTOJIKHOBEHHI MPOTOHOB € AIEKTPOHAMHU - 4 YCTaHOBKHU.
Jlabopatopus 507 I'K.

1.2.2 DkciepuMeHTaIbHAas MPOBEPKA 3aKOHA BPALLIATEIbHOTO IBMKEHUS HA KPECTOOOPAa3HOM MasiTHUKE
Obepbeka - 10 ycTaHOBOK.

1.2.4 Onpenenenue riaBHBIX MOMEHTOB HHEPLIUU TBEPABIX TEJl C MOMOIIBIO KPYTHUIIBHBIX KOeOaHui —
4 yCTaHOBKHU.

1.1.1 3mepenue yneapHOro CONPOTUBIICHUSI HUXPOMOBOI MPOBOJIOKH. — 8 YCTaHOBOK

Jlabopatopus 324a 'K

1.4.8 Onpenenenue monyis FOHra MeToomM aKyCTHUECKOTO pe30HaHCa. — § YCTAHOBOK.

Cemecrtp: 2 (Becennuit) TepmonnHamMuka 1 MOJIEKYIIsipHast (pU3HKa

Jlabopatopus 315 I'K.

2.3.1 llony4yenue u u3MepeHue B BaKyyme 6 yCTaHOBOK.

2.2.2 V3mepeHne TEIUIONPOBOAHOCTH Ia30B MPH Pa3HbIX JaBICHUSIX 2 IIT.

2.2.3 M3mepenue TEIUIONPOBOIHOCTH T'a30B MpH aTMOC(HEPHOM JaBIICHUH 4 YCTaHOBKH.

2.2.4 TerronpoBOJHOCTH TBEPAOIO Tesla 4 yCTaHOBKHU.

Jlabopatopus 317 I'K.

2.2.1 UccnenoBanue B3auMHoU audy3un ra3os 6 yCTaHOBOK.

2.2.7 UccnenoBanue nuddy3un razos B MOpUCTOii cpene 1 ycTaHOBKA.

2.1.6 3ddexr dxoynsa-Tomcona 4 yCTaHOBKH.

2.1.5 UccnenoBanue Tepmuueckux d((HEeKToB, BOHUKAIIUX MPH YIPYTHX AedopMariusx 3
YCTaHOBKH.

Jlabopatopus 319 I'K.

1.3.3 Omnpenenenue BSI3KOCTH BO3AyXa 10 CKOPOCTH TEUSHHS Yepe3 TOHKUE TPYOKH 6 yCTaHOBOK.
2.2.5 OmnpeneneHue BI3KOCTH KUIKOCTH IO CKOPOCTH UCTEUEHUS Yepe3 Kanmuuisip 4 yCTaHOBKHU.
2.2.6 OnpeneneHre HEPTUU aKTUBU3ALMHU IO TEMIIEPATYPHON 3aBUCUMOCTH BSI3KOCTH JKUAKOCTH 5
YCTaHOBOK.

2.5.1 Usmepenne ko3 punmenTa moBepXHOCTHOTO HATSIKEHUS )KHUIKOCTH -8 YCTaHOBOK.
Jlabopatopus 320 I'K,

2.1.2 Onpenenenne CP/CV meTonoM aanabaTniecKoro pacuIupeHus ra3oB 4 yCTaHOBOK

2.1.3 Onpenenenne CP/CV 1o cKkopocTH 3ByKa B rase. 3 yCTaHOBOK.

Jlabopatopus 324 I'K.



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa
1. O6uwmit kype ¢pusuku [Texer] : B 5 1. T. 1 : Mexanuka : yue6. mocobue st By3os / JI. B. CuByxun
.— 4-e u3n., crepeorun. — M. : ®uzmarmut , 2002, 2006, 2010, 2014 .— 560 c. — 560 c.
2. OcHoBsl pusuku [Teker] : Kype obmieit pusukn : B 2 T. T. 1. Mexanuka, S3IeKTPHYECTBO U
maraetusM. Konebanus u Bomusl, BoaHoBas ontuka / A. C. Kunrcemn, I. P. Jlokmun, O. A. OJIbX0B ;
nox pen. A. C. Kunarcena .— 2-e u3z., ucnp. — M. : ®uzmariut, 2007 .— 704 c.
3. Obmas pusuka. Mexanuka [Tekcr] : yue6. mocobue mis By3oB / H. A. Kupuuenko, K. M.
KpriMckuii ; M-Bo o6pazoBanus 1 Hayku P®, Mock. ¢pu3.-rexH. uH-T (roc. yH-T) .— M. : MOTH, 2013
—290c.
4. JlaboparopHbiii ipakTukyM 1o obmieit ¢pusnke [Teker] : B 3 1. T. 1 : Mexanuka : y4e0. mocobue Jyist
By30B / mox pex. A. . Imagyna ; M-Bo oOpa3oBanus u Hayku P®D, Mock. ¢us.-TexH. uH-T (TOC. YH-T)
— 2-e m3a., ucnp. — M. : MOTU, 2012 .— .— 292 c.
5. O6umwit kype ¢pusuku [Texer] : B 5 1. T. 2 : TepmonuHamuka 1 MoJeKyisipHas (u3uka : y4eO.
nocobwue st By3oB / 1. B. CuByxun .— 5-e m3n., ucnp. — M. : @usmarnur, 2005, 2006, 2011, 2014
— 544 c.
6. OcuoBsl pusuku [Tekct] : Kype obmieit ¢pusuku : B 2 1. T. 2 : yueOHUK /U1 By30B. KBaHTOBas 1
craructuueckas ¢pusuka. Tepmoannamuka / B. E. benonyukun, J{. A. 3aukun, 0. M. [lunexiok ; nox
pen. FO. M. llunentoka .— 2-e u3a., ucnp. — M. : ®uzmarauT, 2007 .— 608 c.
7. TepMomuHaMuKa, cTaTUCTHYECKas: U MoJeKyisipHast pusuka [Tekct] : yue0. mocobue st By3oB / H.
A. Kupnuenko .— 4-e usa., ucnp. u gon. — M. : @usmarknura, 2012 .— 192 c.
8. Jlaboparopuslit npakTukyM 1o obmei gusmnke [Teket] : B 3 T. T. 1 : Tepmoaunamuka u
MOJIEKyIIsIpHas pu3nKa : yued. mocodue 1 By30B / mof pea. A. JI. [magyna ; M-Bo oOpa3zoBanus u
Hayku PD, Mock. ¢u3.-TexH. uH-T (Toc. YH-T .— 3-€ u3a., ucnp. — M. : MOTH, 2012 .— 292 c.
9. O6uwit kype ¢puzuku [Texer] : B S5 1. T. 3, Y. 1 : yue6. mocobue ms By3oB / JI. B. CuByxun .— 3-¢
u3g., uernp. u gon. — M. : Hayka, 1996. — 320 c.
10. DnexrpuyecTtBo 1 MaraeTusM [ Tekcr] : yue6. mocobue s By3oB / H. A. Kupuuenko ; M-Bo
oOpazoBanus u Hayku PD, Mock. ¢uz.-texH. (roc. yH-T .— M. : MOTHU, 2011 .— 420 c.
11. KanToBast MUKpO- 1 Makpodusuka [Tekcer] : yueb. mocodue s By3oB / FO. M. [unentok .— M. :
®duszmarknura, 2006 .— 640 c.
12. Ochnosbl ¢pusuku [Tekcr] : Kypc obmieit puzuku : B 2 T. T. 2 : yueOHuk asns By3oB. KBantoBas u
craructuueckas ¢pusuka. Tepmopnnamuka / B. E. benonyukun, J{. A. 3aukun, 0. M. [lunexiok ; nox
pen. FO. M. llunentoka .— 2-e u3a., ucnp. — M. : ®uzmarauT, 2007 .— 608 c.
13. HauanbHbIe maBbl KBaHTOBOUM MexaHuKH [Tekcr] : [yue6. mocobue nms By3os] / H. B. Kapnos, H.
A. Kupnuenko .— M : @uzmariut, 2004,2006 .— 360 c.
14. O6muii kypc ¢usuku [Teker] : B S T. T. 5 : AtomHas u siaepHast pusuka : yued. mocodue ais By30B
/ 1. B. CuByxuH .— 2-e u3f., crepeorun. — M : @usmarnut : MOTH, 2002, 2006,2008 .— 784 c.
15. JIabopatopusIii mpakTrkyM 1o o0mel ¢pusuke [Tekcr] : B 3 1. T. 2 : Onruka : yued. mocodue st
BYy30B / oz pefl. A. B. Makcumbrdesa ; M-Bo oOpa3zoBanus u Hayku PO, Mock. ¢pu3.-TexH. uH-T (Toc.
yH-T) .— M. : MOTH, 2014 .— 446 c.
16. JlabopatopHsIii mpakTukyMm 1o obmeit pusuxe [Texer] : B 3 7. T. 3 : KBanToBas ¢usuka : yueO.
nocobwue st By3oB / @. @. Uromwn, FO. A. Camapckuid, FO. M. [unentok ; nox pen. 0. M.
Hunenroka ; Mock. ¢u3.-TexH. UH-T (TOC. YH-T) .— 2-€ U34., uctp. u gon. — M. : ®uzmarkaura, 2005
—432c.
17. JITabopatopuslii mpakTuKyM 110 001mel ¢pusnke [Texcr] : B 3 T. T. 2 : DeKTpU4eCTBO U MArHETU3M
yue0. mocobue i By3oB / ox pea. A. JI. [manyna ; M-Bo obpa3oBanus u Hayku Poc. deneparn,
Mock. ¢u3.-texs. uH-T (roc. yH-T) .— M. : U3p-8o MOTH, 2007 .— 280 c.
20. Kanamnukos H.I1., CmonzabeipeB M.A./OcHoBbI pusuku B 2-x Tomax M.-JlabopaTopus 3Hanuil,
2017

JomnonHurensHas aureparypa
1. Kypc obmieti ¢puznku. Mexanuka u MonekyispHas puzuka [Tekct] : yue6. moco0. ans By3os / JI. 1.
Jlannay, A. U. Axuesep, E. M. JInpmmn .— 2-e u3za., ucnp. — M. : Hayka, 1969 .— 400 c.
2. Mexanuka [Tekct] / U.Kurrens,B.HaiiT,M.Pynepman ; nep.c anmi.mof
pen.A.N.IansHukoBa,A.C.AxmaroBa .— 3-e uzn.,ucnp. — M. : Hayka, 1983 .— 448c.



3. DneMeHTHI persiTuBUCTCKON Mexanuku [Tekct] : yue0. mocobue st By3oB / A. J1. [manyn ; Mock.
¢wu3.-rexd. uH-T (roc. yu-r .— M. : MOTH, 2003 .— 47 c.

4. Metonp!l pemeHns 3a1a4 B ooem kypee ¢pusznku. Mexanuka [Tekcer] : yae0. mocodue 1iist By3oB / B.
I1. KopsiBoB .— 2-e u3a., ucnp. — M. : Cryzgenrt, 2012 .— 382 c.

5. MonekynsipHas ¢pusuka u repmoguHamuka [ Tekct] : OCHOBHBIE TIOJIOKEHUS U pelIeHHe 3a/1a4 : y4ueo.
nocobwue st By3oB / [1. @. KopoTtkoB ; M-Bo o6pa3oBanus u Hayku Poc. @enepanun, Mock. ¢pu3.-TexH.
uH-T (TOC. YH-T .— 3-€ u31., ucnp. u pon. — M. : MOTH, 2009 .— 168 c.

6. Metozpl pemieHus 3a1a4d B oomieM Kypce ¢pusuku. TepmoanHamuka 1 MojiekyssipHas ¢pusuka [Texcer)
: yaeb. mocobue miist By3oB / B. I1. KopsiBoB .— 2-e u3a., ucnp. — M. : Crynent, 2013 .— 358 c.

7. Outponust [Tekct] : yu. mocobue i By30B : pek. YMO Mock. ¢puznko-TexH. nH-1a / JI. A. 3aukvH ;
M-Bo 06pazoB. PO, Mock. pusuko-texs. ua-T .— M. : MOTH, 2003 .— 56 c.

8. DnekrpuuectBo [Tekcr] : yueO. mocoOue [Tt CTYIEHTOB By30B : Jiorl. M-BoM o6pa3oBanus Poc.
Oeneparun / C. I. KanamankoB .— 6-e u3., crepeotun. — M. : ®mmanur, 1985, 2004, 2008 .—
624 c.

9. OcHoBbI Teopu AutekTpruecTBa [Tekcr] : yuebd.mocodue mist yH-ToB:gom.loc.kom.CCCP / U.E.Tamm
.— 10-e uzn.,ucnp. — M. : Hayka, 1989 .— 504c.

10. Konebanus u BosiHbl. BBeneHne B akycTHKY, paanodusuky u ontuky [Tekct] : yueb. mocodue ams
By30B / I. C. lopenuk ; mon pea. C. M. PeitoBa .— 3-¢ uzn. — M. : @uzmarnut, 2007 .— 656 c.

11. Ontuka [Tekct] : yue6. mocobue mist pus. cnen. By3os / I. C. JlanacOepr .— 6-€ U3/1., CTEPEOTHIL.
— M. : ®usmatiut, 2003 , 2006, 2010 .— 848 c.

12. OcHOBBI KBaHTOBOM (PM3UKH U CTpoeHHUE BemecTBa [ Tekcer] : yuebd. mocodue ais By3oB / U. 1.
Kprinos ; M-Bo BoictI. u cpen. crien. oopazosanusi PCOCP , Mock. puszuko-texH. uH-T (roc. yH-T) .—
M. : MOTH, 1989 .— 184 c.

13. DneMeHThI CTAaTHCTUYECKOW MEXaHUKH, TEPMOTUHAMUKY U KuHETHKH [ Tekct] : [yue6. mocobue s
By30B] / U. @. llleroneB .— 2-e u3n., ucnp. — Jonronpynnsrtii : Uaremrext, 2008 .— 208 c.

14. Monexynspuas ¢pusuka [Tekcr] : yue6. mocobue mis By3oB / A. K. Kukoun, U. K. Kukonn .— 2-¢
u3J., nepepad. — M. : Hayxka, 1976 .— 480 c.

PexomennoBanHas turepaTypa 1Jisl CAaMOCTOSATEIBHOTO U3yUCHHS.

1. ®usnueckre 0cHOBBI MexaHukH [TexcT] : yueb. mocobdue st By30B / C. O. XalkuH .— 2-¢ u31.,
uctp. u gorn. — M. : Hayka, 1971 .— 752 c.

2. @eitnmanoBCKuUe JeKIun 1o ¢usnke [Texcr]. Boim. 1 - 2 : [yue6. mocobue i By30B]. CoBpeMeHHas
HayKa o Tpupojie. 3akoHbl MexaHukH. [IpocTpancTBo. Bpems. J[pmxkenne / P. ®eiinman, P. Jlediton, M.
CoHfc ; mep. ¢ anr. A. B. Edpemos [u ap.] .— 3-e uzg. — M. : Mup, 1976 .— 440 c.

3. Tepmonunamuka [Tekct] : yueOnuk anst yu-to / U. I1. bazapoB .— 4-e u3zg., nepepad. u gon. — M.
: Beiciras mikona, 1991 — 376 c.

4. CoBpeMeHHas TepMonrHaMuKa. OT TEIUTOBBIX ABUTaTeNiel 10 JUCCUIIATUBHBIX CTPYKTYp [Teker] :
[yuebnuk i By3oB] / U. Ilpuroxun, . Kongenynu ; nep. ¢ anrn. FO. A. Jlanunosa, B. B. benoro ;
nont pen. E. [1. Areesa .— M. : Mup, 2002 .— 461 c.

5. OnexkrpuuectBo u MarHeTu3M [Tekct] : [yue6. mocobue st By3oB] / 3. [lapcem ; mep. ¢ aHIIL. mox
pen. A. W. lllansaukoBa, A. O. Baiinc6epra .— / 3-e uzz., ucnp. — M. : Hayxka, 1983 .— 416 c.

6. Onrruka [Teker] : yue0. mocobue nns By3oB / E. . Bytuxos ; mox pen. H. U. KanureeBckoro .— M. :
Bricmras mxoja, 1986 — 512 c.

7. OcuoBsl onTuky [ Tekct] : [yue0d. mocobue s By30B] / M. boph, 3. Boned ; iep. ¢ anri. C. H.
Bpeyca, A. U. TonoBamkuna, A. A. lllyouna ; nox pen. I. I[1. MoryneBuu .— M. : Hayxka, 1970 .— 855
C.

8. dusnueckas ontrka [Tekct] : yueonuk ans By3oB / C. A. Axmanos, C. FO. Hukutua .— M :
Nza-8o MI'Y, 2004 .— 656 c.

9. BBesieHHE B KOTEPEHTHYIO ONTHKY 1 rosorpaduio [ Tekct] : yueOHO-MeTOoA. Tocodue 1o Kypcy :
Obmas gusuka / coct. C. M. Kozen [u ap.] ; M-Bo o6pazosanust PO, Mock. ¢u3.-rexH. uH-T (TOC.
yH-T), Kad. obmieit puzukn .— M. : MOTH, 2000 .— 42 c.

10. Benenue B ¢husuky siapa u yactul [Tekct] : yued. nocodue ans sy3zos / M. M. Kanutonos .— 3-¢
u3g., uctp. u gorn. — M. : Equtopuan YPCC, 2006 .— 328 c.

11. Jlexnmu o atomuoi gusuke [Tekcr] : yaueOnuk mst By30B / M. A. ®@annees, E. B. UynpyHoB .—
M. : ®usmaniut, 2008 .— 612 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)



http://mipt.ru/education/chair/physics/index.phpCaiit kadenps! o01mei Guanku
http://lib.mipt.ru/catalogue/94/?t=748- anekrponnas oudbnroreka dusrexa, paznen «duznkay.
http://www.physics.ru- 06pa3oBaTenbHbII CANTCANIEMEHTAPHBIMU CBEJICHUSAMU TI0 (DU3HKE.
http://www.edu.ru- henepanbhsiii mopran «Poccutickoe o0pa3oBaHue.
http://benran.ru-6nbnroTeKa 1Mo ecTecTBEHHBIM HaykaM Pocchiickol aka/ieMUu HayK.

Sk =

http://www.i-exam.ru- equHbIi optan MHTepHeT-TecTHpoBaHus B chepe 00pa3oBaHuUsl.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOIb3yeMBbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nannbix xommetorepax ucnosis3ytorcs OC MSWindows, FreeDOS, nporpamma MathCAD, a takxke
porpammsl, pazpaboTaHHbIe TPOrPAMMUCTAMH YIeOHO-METOJUUECKOTO TIeHTpa Kadeaphl.

B npouecce camocTosATeNbHOM PabOThl 00YHaIOIIMXCs BO3MOXHO UCIIOJIB30BAHUE TAKUX MPOTPAMMHBIX
cpeacts, kak Mathcad, Scilab, Originu np.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, n3ydarouyii Kypc oomel (U3nKH, T0JKEH C OIHOM CTOPOHBI, OBJIAIETh OOIUM MOHSITHIHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.

B PEe3YAbTAaTC U3YUCHHUA JUCHUIIJIMHBI CTYACHT OJOJDKCH 3HATD!:

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENILHOM padoTHl cTyneHTa. B mporpamme
Kypca TpHUBEJACHO MHHHUMAJIBHO He0oOXoAMMOE BpeMsi s pabOThl CTyJeHTa HajJ TEMOMU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

- YTEHHE U KOHCIIEKTUPOBAaHHE PEKOMEHOBAHHOMU JIUTEPATYPBI,

- TpopaboTKy y4eOHOro marepuana (1o y4eOHOH W Hay4dHOU IuTeparype), MOJroTOBKY OTBETOB Ha
BONPOCHI, TNpENHA3HAUYEHHBIX [UII CaMOCTOSTEIbHOIO M3YYEHHUS, JI0Ka3aTeJbCTBO OTACIbHBIX
YTBEPKIECHUMN, CBOICTB;

- TOATOTOBKY K An(EepEeHINPOBAHHOMY 3aUETy.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHOM pabOTOH CTyJeHTa OCYIIECTBIsAETCS B Qopme
WHAWBHUIYaJIbHBIX KOHCYJIBTAIUM.

[loka3zarenem BiaieHUs] MaTepUANOM CIYXHT yMEHHUE pemiarh 3aaadd. Jias popMupoBaHUS yMEHHS
IPUMEHATh TEOPETHUYECKHE 3HAHHUS Ha MPAKTHUKE CTYIEHTY HEOOXOIMMO PEelIaTh KaK MOXKHO OoJblie
3agay. [Ipu pemenun 3a1a4 Kaxaoe IeHCTBIE HEOOXOAUMO apryMEHTUPOBATh, CChUIAsACh HA U3BECTHHIC
TEOPETUYECKUE CBEICHMS. 3HAUUTEIbHO OOJICTYUTh PELICHHE 33Ja4d MOXKET XOPOILO BBHIOJTHEHHBIH
YepTeK, €CIM OH COOTBETCTBYET YCIOBHMIO 3agayd (TIPSAMOM YroJl HAapUCOBaH MPSMBIM,
paBHOOEIPEHHBII TPEYrONbHUK - PAaBHOOEIPEHHBIM M T. 1.). IIpy HOATOTOBKE K NPaKTUYECKUM
3aHATUSM HEOOXOOUMO MOBTOPSITH paHee U3YUCHHbBIE OCHOBHBIE ONpeAeieHHs, HOPMYITHUPOBKH TEOPEM.
B Hauane 3aHATHS, Kak TpaBuio, NpoBoauTcs kKopoTkud (10-15 MuHYT) ompoc mo marepuany
MPOLICAIINX 3aHSATHH B YCTHOM WM mucbMeHHOH (opme. OOBIYHO NPUICPKHUBAIOTCA CIEAYIOMIEH
CXEMBI: U3y4YEeHHE Marepualia JICKIIMU 110 KOHCIEKTY B TOT K€ JIeHb, KOrJa ObUIa MpOCTyIlaHa JIEKIUI
(10-15 munyT); HOBTOpEeHHE MaTepuana HakaHyHe cienyromeil gexkuuu (10-15 munyT), mpopaboTka
y4eOHOro marepuaina 1o KOHCIEKTaM JIeKLUi, yueOHOH M Hay4HOW JuTeparype, MOATOTOBKA OTBETOB
Ha BONPOCHI, MpeIHA3HAYCHHBIX AJISI CaMOCTOSTEIbHOro miydeHus (1 vac Henenio), MOArOTOBKAa K
MPAaKTUYECKOMY 3aHsATHIO, pemieHue 3amad (1 wac). BakHo 1M0OWTHCS MOHMMAaHUS HM3y4aeMOro
Marepuaia, a He MEXaHHYECKOro ero 3anoMuHaHus. [Ipw 3aTpyaHEHUM W3Y4YEHHS OTACIbHBIX TEM,
BOIIPOCOB, ClIeAyeT oOpamarbcs 3a KOHCYNBTALMSAMM K JIGKTOPY MM IPENoaBaTelio, BeayLIeMy
MPAKTUYECKUE 3aHSITHUS.

OO0s13aTenbHBEIM TPEOOBAaHUEM SIBIIIETCS BBIIOJNIHEHUE JOMAIIHUX PabOT, KOTOpbIe OQOPMIISIOTCS B
CHEIUANbHO OTBEAEHHOMN IS 3TOTO TETPAJN U CHCTEMAaTHYECKU CAAIOTCS Ha IIPOBEPKY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

npopuJib NOArOTOBKHU: CucreMHas U CHHTETHYECKass OMOIOTHs
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kageapa obueit pusnku

Kypc: 2

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
3 (ocennuit) - JluddepeHupoBaHHbIi 3a4eT
4 (Becennwuii) - /luddepeHpoBaHHbIi 3a4eT
5 (ocennwuii) - luddepeHpoBaHHbIH 3a4eT

6 (Becennwii) - JluddepeHnnpoBaHHbIN 3aUeT
PaspaGorunkm:

B.B. YckoB, go1eHT
I1.B. TTonos, kaua. ¢pu3.-MaT. HayK, JIOIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, VYK-1.5 Ormpenenser ¥  OLEHHWBAaeT  MPAKTHUYECKUE
KPUTHUYECKUN aHaJN3 U CUHTE3 MHPOPMAIIMK,  |TIOCIEACTBUSA BO3MOXKHBIX BAPUAHTOB PELICHUS 3aa49u
MPUMEHSATh CUCTEMHBIH MTOXOJ TS PELICHUS
MOCTAaBJICHHBIX 3a7a4

OIIK-2 Cniocoben ucnonb3osars coppemennbie |OIK-2.1 Cnocoben NPUMEHATh COBPEMEHHBIC
UH(POPMAIMOHHbIE TEXHOJIOTHU U BBIUMCIIUTENBHYIO TEXHHKY W CEPBUCHI ceTH MHTepHET B
MIPOTPaMMHBIE CPEJICTBA IPHU PEIISHUH 3a1a4 obmactu (cdepe) mpodeccrnoHaTbHON AeATEIIEHOCTH
npodecCHOHaNbHOM eaTeNnbHOCTH, cobmonas  |OI1K-2.3 3naeT ocHOBHBIE TpeOGOBaHMS MH(OPMALMOHHOMN
TpeboBaHug NHOOPMAIIMOHHOW OE30TIACHOCTH  |Ge30mMacHOCTH

[1K-3 CnocoGeH BbIOMpATh U IPUMEHSATH [IK-3.3 YmMmeeT npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
nozaxozsiee 000py10BaHNE, MHCTPYMEHTBI 1 |METOJOB, HCHOJb3yeMbIX Ha OBM, BbeMHCIMTENBHON
METO/IbI UCCIIEIOBAHUM IS PEILCHHS 3a/1a4 B |CJIOKHOCTH ~ HCIOJIB3YeMBIX ~ aJTOPUTMOB U 00bema
M30paHHON IPeAMETHOM 00IacTH TpeOyeMBbIX BHIYHCIUTEIHHBIX PECYPCOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare n3ydenus auciuiuinabl «O01mas Gu3nka: 1adopaTopHbIN MPaKTUKYM» 00yYaroIInuiACs TOJHKEH:

3HATh:

- METOJUKY IIPOBEIEHUS 3KCIIEPUMEHTA;

- MeToauKy oO0paOOTKH MOTYyYEHHBIX PE3YJbTaTOB.
yMeTh:

- paboTarb ¢ COBpEMEHHBIM U3MEPUTEILHBIM 000PYIOBAHUEM;

- TIPaBWIBHO 00pabaThIBaTh MOMYUYECHHBIE SKCIIEPUMEHTAIbHbIE JaHHBIC.
BJIaJeTh:

- HaBbIKaM# pabOThI C COBPEMEHHBIM N3MEPUTEIBHBIM 000PYIOBaHUEM;
- OCHOBHBIMH MaTe€MaTHUYE€CKHUMH HHCTPYMEHTAMHU, XapaKTEPHBIMH IS 33024 MEXaHUKH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

KOHTp OJIbHBIC BOIIPOCHI

1. C Kaxkoil TOYHOCTBIO CJIEOYeT HM3MEpATh JJIUHY CTEPKHS U CONPOTUBICHHUE TEPMOMETpa NpHU
JOCTUTHYTOM TOYHOCTH M3Mepenust AL?

2. Kakoil Bkiag B OMMOKY HM3MEPEHHsS O BHOCAT IMOTPEIIHOCTH W HM3MEPEHMU LIEHBI JeJe-HUs
OKYJIDHOH WIKaJlbl, B OIPEAEICHUU IIOJIOKEHUS METKHM, B U3MEPEHHU KOMHATHON TeMIlepaTrypbl U
MOTPELIHOCTh TEMIIEPATYPHOT0 K03 uiLineHTa CONpOTUBICHUS?

3. bamsopykue u nanpHO30pKHEe HaOIIOIATENN HAaCTPaMBAlOT MHUKPOCKOI Tak, 4To M300pa-xeHue 12
OKa3bIBAIOTCSl Ha OYEHb MaJIOM WJIM, Ha00OpOT, OYeHb OONBIIOM paccTOsiHMKM OT riasa. Kakoe u3
YBEIHMUCHUH — INHEHHOE WM YIJIOBOE — IIPU 3TOM MEHbIIIE MEHseTCs?

Pabora 1.1.5. UccnenoBanne yrnpyrux CTOIKHOBEHUH MPOTOHOB C AJIEKTPOHAMH.
KonTtponbHbie Bonpocsl

1. BeiBenure GopMynbl, CBA3BIBAIOLIME YIOJN BbUIETa JJIEKTPOHA C €ro HMMITYJIbCOM, B
HEpE-JIATUBUCTCKON U PENATUBUCTKON MEXaHUKE.

2. HOHy‘II/ITG 3aBUCUMOCTb CKOPOCTH YaCTHIL B peHHTI/IBHCTCKOﬁ MCXAaHHUKC OT UX UMITYJIbCA U SHCPTHUHU.

3. BoBenure GopMyity, CBI3BIBAIOILYIO UMITYJILC MIEKTPOHA C PAIIYCOM €ro TPAeKTOPUU B MAarHUTHOM
nosne. Ilokaxure, yTo 3Ta (opMmyna crnpaBelInBa KaK B HEPEISITUBUCTCKOM MEXaHUKE, TaKk U
PEIATUBUCTKOU

[Touemy cTpemsTCS yMEHBIIUTH BEIMUMHY MOMEHTA CUJI TPEHUSI B OCH MasiTHUKA?

Kazanoch OblI, 1axke OOJBINYI0 BEMMYHMHY M_Tp MOXHO JIETKO Y4ecTh C ITOMOINbI0 ypaBHeHuss M_(H )-
M (tp )=I dw/dt .

KakoBa ponb TONIIUHBI U YIPYTOCTH HUTH B OIIBITE?
Kakyro BennurHy B TaHHOM 3KCIIEPUMEHTE CIIEAYET U3MEPSTh C HAanOOJbIIEH TOUHOCTHIO?
Chopmynupyiite u gokaxure Teopemy I roiirenca-IITeitnepa.




KonTtponbHbie BOpocs

Kakne OCHOBHBIE HMCTOYHHMKH TMOTPEIIHOCTH H3MepeHHi? KakuMm 00pa3oM MOXHO yMEHBIIHTH
MOTPELTHOCTH?

OneHnre MakCUMaIbHYI0 TOYHOCTh, C KOTOPOW NPHW JaHHBIX YCIOBHSX LeecO00pa3HO HU3MEPSTh
Y/UIMHEHHE TTPOBOJIOKH U CTPEJNIKY porubda opycka.

B ueMm paznuunie MeXAy OMHOOCHBIM HANPSHKCHHBIM COCTOSIHUEM U OJJHOOCHBIM JC(QOPMUPYEMbBIM
cocrogHuemM?

[Ipu KakuX HAMPSDKEHUSIX M OTHOCUTENBHBIX Ae(opMalnsax BHIIOIHIETCS 3aKkoH ['yka?
Kakwue otknonenus ot 3akoHa ['yka BO3MOXKHBI Ipu 1€(pOPMUPOBAHUH TBEPIBIX TENI?
Uro takoe ko3 dunment [lyaccona?

Kakue npennonoxkeHusi caenaHbl, 4TOOBI MOJYYHUTh CBS3b MAaKCHUMAJIBHOTO mporuda Oanku c
monynem FOunra?

B kakoii 3aBucumMocTH y (X) onuceiBaetcs hopma cpeHeit THHAH 0allKy TIPY YUCTOM H3rnoe?
s wero B mpubope JlepmManToBa HykHa TuTomaaka M?
1.Yem oTnuyaroTCs peajbHbIe Ta3bl OT U1€aTbHBIX ?

2.HaueprtuTe KpuBBbIC, BBIPOKAIOLINE XapakTep 3aBUCHUMOCTH CHJI B3aMMOJEHCTBHS W B3a-MMHOM
MOTEHLIUAIBLHON YHEPTUM ABYX MOJEKYJ OT PAacCTOSHHS MEXKAYy HUMHM, U, UCIONB3Ys UX, OOBSICHUTE
npuuunsl 3¢ dexra xoynsa-Tomcona.

3.Kakas Temneparypa Ha3bIBaeTca KpuTHueckoi? Uto Takoe Temreparypa HHBEpCHH?

4.006bscHUTE KadecTBeHHO 3HaK 3¢ ¢ekra xoymnsa-Tomcona B cnyyae a=0,b# 0 u B cny-uaca# 0, b
=0.

1.ITouemy B 1ieHTpe KoJer; HpioTOHA B OTpaKEHHOM CBETE PACIIONOKEHO TEMHOE MSITHO?

2.Kaxk pacnonoxxens! konbiia HeroToHa B mpoxozsieM cere?

3.Ilouemy mmpuHa KoJell YOBIBAET C YBETHMUEHHEM MOpsiaKa?

4.ITouemy mipu pacué€re WHTEpPPEPEHIIMOHHON KapTUHBI HE YUYUTHIBAIOT OTPaXXCHUE OT Ie-peHei
(TI0CKO#) TOBEPXHOCTH JIMH3HI?

5.BeiBenute Gopmyiy, CBA3BIBAIOILYIO TIepro OMEHU, BRIPaXCHHBIH B YMCIIE KOJIEll, C JUIMHAMH BOJIH
CIIEKTPAJIBHBIX JIMHU.

6.Ilouemy  BUAHOCTP  KOJIEI]  YBEJIMYMBAEeTCA NpU  Aua@parMHUpOBaHMM  IydKa  IEpex
OTaK-UILTIOMHUHATOPOM?

7.Hoquy HHTep(bepeHHHOHHBIG KOJIbI1a OOJIBIIINX HOMCPOB KAXYTCA pa3MBITI>IMI/I?

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1.ITouemy moka3zanue BonbTMETpa VR+L He paBHO cymMMe mokazaHuil BonmsTMeTpoB VR u VL? B
HameM citydae VR+L < VR + VL . Moxer 11 HepaBeHCTBO HUMETh APYToil 3HaK?

2.Ilouemy mpu pe3oHaHCE B CXE€ME€ Ha pHUC. 2 3JUIMIC Ha 3KpaHe ocuuwuiorpada BBIPOXKIACTCS B
npsamMyo?

3.13 gero ckiazplBaeTCsl aKTUBHOE COIPOTUBIIEHUE KaTyLIKU C CEPIEYHUKOM?

4 IlosicHuTe MPUHIMI PabOTHI BaTTMETpA.

5.BrInonHgeTcs IM yCI0BHE KBa3UCTAIMOHAPHOCTH TOKOB B HCIIONb3yeMoit cxeme? [Touemy?

6.Ha kaxoit yacTore TyaIuT Karymka?

1.ITokaxxuTe, 9TO €CIM PACCTOSIHUE MEXKY IIPEAMETOM U IKpaHOM IpeBbliaeT 4f, To n300-paxkeHne Ha
9KpaHe MOXKET OBITh IOIYYECHO MPU JIBYX PA3JIUYHBIX MOJIOKCHUSX JIMH3BL.

2.0numure METOOUKY U3MEPEHUs (POKYCHBIX PACCTOSHUI OTPUIATENbHBIX JINH3.

3.Hdaiite ompenesneHus] TIABHBIX (OKYCOB, (POKYCHBIX PACCTOSHUH M IJIABHBIX IJIOCKOCTEH CIIOXKHOM
LIEHTPUPOBAHHON ONTUYECKOU CHUCTEMBI.

4.0mpenenute rpadUuecKd MOJOKEHHE TNIABHBIX IUIOCKOCTEH CHUCTEMBI, COCTOSLICH M3 JABYX TOHKHX
JIMH3 — cOOMparolIel U pacCenBarOIIeH, - ¢ U3BECTHBIMHU (DOKYCHBIMU PACCTOSIHUSAMH U PACCTOSIHUEM
MEXly HUMHU.

5.Haiite onpeneneHus cepruueckoil 1 XpoMaTuiecKkoi abeppanuii.

6.00bscHUTE, TIOUEMY cdepuueckas abeppalusi 3aBUCUT OT TOTO, KAKOW CTOPOHOW TUIOCKO-BBIITYKIIast
JMH3a o0palieHa K HCTOYHHKY.



1.3 paccMOTpEeHHOM MOJENU >KUJIKOCTU CJEAYET, YTO ISl MEPEMEIICHUS MOJEKYJIbl B COCEIHIOI0
«JIBIPKY» JIOJDKHBI OBITH Pa30pBaHbl €€ CBSA3U C COCETHUMH MOJIEKYTaMU. Pa3pbIB cBs3el IPOUCXOIUT U
MIPU UCTIAPEHUU KUIKOCTH. [10ATOMY MOXHO OXHJIaTh, YTO YHEPTUS aKTHBAIMHA MOJIEKYNBI OJIM3Ka K
SHEPTrUu KHUIIEHUS JKUIKOCTH, MPUXOIAIIeiics Ha onHy Mosekymy. [lonTBep:kmaroT Ju 3TOT BBIBOJ
pe3yabTaThl MPOBEAEHHOTO JKCTepuMeHTa? 3HAaueHWE SHEPTUH HMCTAPSHUS HCCISAYEMOU KHUIKOCTH
BO3BMHTE U3 CIIPABOYHHKA.

2.1Ipu onpeneneHUU BSI3KOCTH JKUAKOCTH M0 MeToay CTOKca peKOMEHIYETCsl HCIOIb30BaTh CTaIbHbIE
IIApUKH pa3HbIX pa3MepoB. lllapukm kakux pasMepoB — OOJbIIME WIM MajJeHbKHE — JIydIle
HCIOJIb30BaTh MPH IIPOBEACHNUH 3KCIIEPUMEHTOB?

TIpH KakuX yIpPOLIAONIMX MPEIMONOKEHHIX BhiBeaeHa (popmyma T=2m/w=2m\((a"2+ 1"2/( 12))/aq)
?

Ilpn kakoM pacCTOSIHUM OT LEHTpa MacC [0 TOYKH IIO/Beca MEepHOA KojeOaHWH MasTHHKA
MUHUMaJICH?

Kak Oynet Bectu ce0st pu3nUecKuii MasiTHUK, €CIIM COBMECTUTH TOUKY €r0 MOJIBEca C LIEHTPOM Macc?
C kakoli 1eJIbI0 B JaHHOW padoTe MaTeMaTHUYECKU MasiTHUK [TOJBEIINBACTCS Ha IByX HUTAX?
Chopmynupyiite u gokaxure Teopemy I roiirenca-IIreitnepa?

Kputepun onennBanus

Onenka «oTu4HO (10)» BBICTAaBISIETCS CTYIEHTY, MOKa3aBIIEMy BCECTOPOHHHE CUCTEMAaTH3UPOBAHHBIC
IyOOKHe 3HaHUsl y4eOHOH MporpaMMBl U 3a e€ ImpefesiaMy, a TaKkKe YMEHHE YBEPEHHO MPUMEHSTh UX
Ha MPaKTHKE MTPY BBITIOJIHEHUH U C/1ade J1abopaTopHON paboTHI.

Onenka «oTau4uHO (9)» BBICTABISIETCA CTYACHTY, IOKa3aBIIEMY BCECTOPOHHHE CUCTEMATH3UPOBAHHBIC
nryOokHe 3HaHMS y4eOHOM MpOorpaMMbl U YMEHHE YBEPEHHO MPUMEHSATh UX Ha NMPAKTUKE NIPHU PELICHUH
HECTaHJAPTHBIX 3a/1a4.

Onenka «oTau4HO (8)» BBICTABISIETCA CTYACHTY, IOKa3aBIIEMY BCECTOPOHHHE CUCTEMATH3UPOBAHHBIC
nryOokue 3HaHMSA Y4eOHOM NporpaMMbl M YMEHHE YBEPEHHO IPHUMEHATh HMX Ha IPAKTUKE IIPH
BBIMIOJIHEHUHN M clade JabopaTopHOi paboThI, OAHAKO IOIYCTHBILIEMY HEKOTOPBIE HETOYHOCTH INPH
OTBETE.

Onenka «xopomo (7)» BBICTaBIISIETCS CTYACHTY, €CIM OH MPOACMOHCTPUPOBAJI TBEpAOE 3HAHHE U
YBEpEHHOE NMMOHMMaHKE Marepuaia yueOHON MporpaMMbl U yMEHHE CBOOOAHO MPUMEHATh (PU3HUECKHE
3aKOHBI Ha IPAKTUKE MPHU BBHITIOJIHEHUH U caade 1abopaTopHOi padoThI.

Omnenka «xopomo (6)» BBICTAaBISETCS CTYICHTY, €CIM OH MPOAEMOHCTPHUPOBAN TBEPAOC 3HAHUE
Marepuasiia y4eOHOH MporpaMMbl M yMEHHE NPUMEHATh (pU3MYecKHe 3aKOHbl Ha TPAKTHKE IIPH
BBITIOJIHEHUH U C/Iade JIa0opaTopHOH paboThl.

Omnenka «xopomio (5)» BBICTABISIETCS CTYACHTY, €CIM OH MPOACMOHCTPUPOBANI TBEpAOE 3HAHHE U
MMOHMMAaHKE MaTepuaja yaeOHOW MPOorpaMMbl M YMEHHE IPUMEHSTh (DU3MUECKUE 3aKOHBI HA MPAKTHUKE
MU BBITIOJIHEHWU M cllade J1adoparopHOW paboThl, OMHAKO JOMYCTHJI TMPH OTBETE Ps TIpyObIX
HETOYHOCTEH.

O1reHKa «yIOBJIETBOPHTEIBHO (4)» BBICTABISCTCS CTYACHTY, ITOKa3aBIIeMy ()parMEHTAPHBIH XapakTep
3HAHWH, JIOIYyCKaBIIEMY HETOYHOCTH B (POPMYIMPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX MOHSATHH, HO
TIPY ATOM IPOJEMOHCTPUPOBABIIEMY CIIOCOOHOCTH BBITIOJIHATH OCHOBHBIC 33aHUS TPH BBITTOJIHCHUU
cmade JaboparopHoil pabOTBl W BIAJCHHE OCHOBHBIMH pa3jieliaMH Y4eOHOH Mporpammbl,
HEOOXOAMMBIMU TS abHEHIIET0 00yUeHHS.

OrieHKa «yIOBJICTBOPUTEIBHO (3)» BBICTABISCTCS CTYACHTY, IMOKa3aBIIEMy CHIBHO (hparMeH-TapHbIN
XapakTep 3HAHWH, JO0MyCKaBIIeMy rpyObie OMIMOKHA B (hOPMYJIMPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX
MOHSATHH, HO IIPU 3TOM MPOIEMOHCTPUPOBABIIIEMY CIIOCOOHOCTh TIPH 3TOM MPO-JICMOHCTPUPOBABIIIEMY
CMOCOOHOCTh BBIMOJIHATH OCHOBHBIC 33JlaHWsl TIPU BBIMOJHCHHHM M C7ave J1aboparopHOW paboThl W
BJIaJICHUE OCHOBHBIMU pa3leliaMi  Y4eOHOH mporpaMmbl, HEOOXOAW-MBIMH Ui JAJIbHEHIIIEro
oOyueHwusl.



OrneHka «HEYJIOBICTBOPUTEIBHO (2)» WM «HEyAOBIETBOpUTENHHO (1)» BBICTABISETCS CTYIACHTY,
KOTOPBIi HE 3HAET 3HAYUTENFHYI0 YacTh OCHOBHOTO COJNICPKAHUS TPOTPaMMBI, CHUCTEMATHYECKH
JoITycKaeT rpyobie omuOKky nmpu GOpMYyITUPOBAHUN OCHOBHBIX (PM3MYECKUX 3aKOHOB WIIM HE CIIOCOOCH
KOPPEKTHO MPUMEHATH (PU3MYESCKHIE 3aKOHBI TaXKe JUTS PEIICHUs MTPOCTHIX 3a-1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAeTCS B Qopme
WHIUBUAYaJIbHBIX KOHCYIBTAllHN.

[loka3zarenem BianeHUs] MaTepUANOM CIYXHT yMEHHUE pemiarh 3aaadd. s popMupoBaHUS yMEHHS
INPUMEHATh TEOPETHUYECKHE 3HAHUS Ha MPAKTHKE CTYIEHTY HEOOXOIMMO PEelIaTh KaK MOXKHO OoJblie
3agay. [Ipu pemenun 3a1a4 Kaxaoe IeHCTBIE HEOOXOAUMO apryMEHTUPOBATh, CChUIAsACh HA U3BECTHHIC
TEOPETUYECKUE CBEICHMS. 3HAUUTEIbHO OOJICTYUTh PELICHHE 33Ja4d MOXKET XOPOILIO BBIOJTHEHHBIH
YepTeK, €CIM OH COOTBETCTBYET YCIOBHMIO 3agayd (TPSAMOM YroJl HAapUCOBaH MPSMBIM,
paBHOOEIPEHHBII TPEYrONbHUK - PAaBHOOCAPEHHBIM M T. 1.). IIpy HOATOTOBKE K NPaKTUYECKUM
3aHATUSM HEOOXOIUMO MOBTOPSITH paHee U3YUCHHBIE OCHOBHBIE ONpeAeieHHs, HOPMYITHPOBKH TEOPEM.
B Hauane 3aHATHS, Kak TpaBuio, NpoBoauTcs kopoTkud (10-15 MuHYT) ompoc mo marepuany
MPOLICAIINX 3aHATHH B YCTHOM WM mucbMeHHOH (opme. OOBIYHO NMPUICPKHUBAIOTCS CIlEAYIOMIEH
CXEMBI: U3y4YEeHHE Marepualia JIeKIIMU 110 KOHCIEKTY B TOT K€ JIeHb, KOrJa ObUIa MpOCIyIlaHa JEeKIUI
(10-15 munyT); HOBTOpEeHHE MaTepuana HakaHyHe cienyromeil gexuuu (10-15 munyT), mpopaboTka
y4eOHOro marepuaina 1o KOHCIEKTaM JIEKLUi, yueOHOW M Hay4HOW JuTepaTrype, MOATOTOBKA OTBETOB
Ha BONPOCHI, MpeIHa3HAYCHHBIX AJISI CaMOCTOSTEIbHOro miydeHus (1 vac Henenio), MOArOTOBKAa K
MPAaKTUYECKOMY 3aHSATHIO, pemieHue 3amad (1 wac). BakHo M0OUTHCS TMOHMMAaHUS HM3y4aeMOro
Marepuaia, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipu 3aTpyaHEHUM U3Y4YEHHS OTACIbHBIX TEM,
BOIIPOCOB, ClIeAyeT oOpamarbcs 3a KOHCYNBTALMSAMHM K JIGKTOPY MM NPEroIaBaTelio, BeayLIeMy
MPAKTUYECKUE 3aHSITHUS.

OO0s13aTenbHBIM TPeOOBAHUEM SIBIIIETCS BBIIOJNIHEHUE JOMAIIHUX PabOT, KOTOphIe OQOPMIISIOTCS B
CHEIHANbHO OTBEAEHHOMN IS 3TOTO TETPAJIN U CHCTEMAaTHUYECKU CAAIOTCS Ha IPOBEPKY.



3. IlepeyeHb TMNOBBIX KOHTPOJILHBIX 32/1aHMIi, MCIOJIL3YeMbIX /I OLEHKH 3HAHWM, yMe-
HUH, HABLIKOB

[Tpomexxyrounas arrecranus mno aucuuruinHe «OOmas ¢usuka: 1a00paTOPHBIA MPAKTUKYM)
ocymiecTBisieTcs B popme nuddepeHInpOBaHHOTO 3a4ETa.

Juis mosydeHus 3a4€ra CTyIEHTY HEOOXOIMMO BBITIOJIHHUTH 3aJJaHHOE KOJIMYECTBO JabopaTop-

HBIX paboT. Jls BBIMOTHEHUS KX 101 1a00paTOpHOI pabOThI CTYEHT JOKEH MOATOTOBUTHCS K

BBINOJIHEHUIO Pa0OThI, CaTh IMOATOTOBKY TMPEINOABATENI0, BBIMOJHUTH JKCIEPUMEHTAIBHYIO

9acTh pabOThI, BEIIOTHUTH HEOOXOAUMBIE PACYETHI U OPOPMUTH padOTy, caaTh padOTy Mpernoa-

BaTelto. J[ist momydeHust 3a4eta o Kaxaoi pabore mpeaycMOTPEHbI KOHTPOJIbHBIC BOITPOCHI:
Pa6ora 1.1.2. 3mepenne kordpuimenTa paciimpeHus ¢ HOMOIIBI0 MUKPOCKOTIIA.

KOHTpOJ’IBHHe BOITPOCHI

1. C xaxo¥ TOYHOCTHIO U3MEPSTH JIMHY CTEP)KHS M CONPOTHUBIIEHUE TEPMOMETPA IPH J10-
cTUTHYTOH TouHOCTH AL?

2. Kakoii BKiag B OmOKy W3MEPEHUs oL BHOCST MOTPEIIHOCTH ¥ M3MEPEHHH IICHBI JICIICHUS
OKYJISIPHOM IIKAJIBI, B ONPECIICHUH MOJIOKEHHUS METKH, B U3MEPEHUN KOMHATHOM TeMIIe-
paTyphl ¥ IOTPEIIHOCTh TEMIIEPATYPHOTO KO3 PHUIIMEHTa COPOTUBICHUS ?

3. bmuzopykue u nanpHO30pKHe HAOIIOIATENIM HACTPAuBAIOT MUKPOCKOII TaK, YTO H300pa-
*eHue |2 0ka3bIBalOTCs HAa OYSHb MAJIOM HJIH, HA000POT, OUEHb OOJIBIIIOM PACCTOSIHUU OT
rinasza. Kakoe u3 yBenuueHuil — TMHEHHOE WM YIJIOBOE — IIPU ATOM MEHBIIIE MEHsETCs?

Pabora 1.1.5. MccnenoBanue ynpyrux CTOJIKHOBEHUN IPOTOHOB C 3JIEKTPOHAMHU.
KoHTponbHbIe BOIPOCHI

1. BeiBegute GOpMYIIBI, CBA3BIBAIOININE YTOJ BBIIETA IJICKTPOHA C €T0 UMITYJIBCOM, B HEpe-
JATUBUCTCKOM U PENSTUBUCTKON MEXAHUKE.

2. Tlomyuwrte 3aBUCHMOCTH CKOPOCTH YaCTHI] B PEISITHBUCTCKOM MEXaHHUKE OT MX UMITYJIbCa
Y DHEPIUHU.

3. BeiBenure hopMyiTy, CBSI3BIBAIOIIYIO UMITYJIEC DJIEKTPOHA C PAINYCOM €T0 TPASKTOPUU B
MarHuTHOM ToJie. [Tokaxxute, uTo 3Ta opMyIia cripaBeINBa KaK B HEPEJISI TUBUCTCKOM
MEXaHHUKE, TaK U PEISITUBUCTKOM

Pa6ota 1.2.1. Onpenenenue CKOpOCTH MOJIETA MYJIH MPH MOMOIIN OAJUTMCTUYECKOTO Ma-
ATHUKA.

l. MGTOZ[ 0aIUCTUYSCKOTO MasATHHUKA, COBCPHIAIOIICTO MMOCTYNATCIIbHOC ABUKCHUC

KOHTpOJ’IBHHC BOIIPOCHI

1. B kxakoMm ciy4ae MasiTHUK Ha3bIBaeTCsl OANTUCTUYECKUM U JJISl YE€TO OH MOXKET OBIT
UCIIOJIb30BaH?

2. Tlpu KakuxX yCIOBHSX HauyaJIbHBIA UMIYJbC OAJUIMCTHUECKOTO MasiTHUKA PaBEH UM-
MyJIbCY IyTH?

3. Tlouemy HEOOXOAMMO MCIIOIBH30BATH HEYIPYTO€ COYAAPEHHE MY C MASTHUKOM?

4. OrmeHuTte BpeMs COyIapeHUs My ¢ MaSTHUKOM B IPOBOJIMMBIX OIIBITAX.

5. Ot 4ero 3aBUCUT TOYHOCTh BBIIOJIHEHUS 3aKOHA COXPAHEHUSI UMITyJIbCa TIPU coya-
penun Ten?

6. KakoBbl TpeOOBaHUS K YCTAHOBKE OPYXKHSI?

7. Urto BausieT Ha 3aTyXaHue KoJieOaHUH OaITUCTUUECKOTO MasiTHUKA?



N

N

8. Kakwue nomnymienus, cieaanHble Ipu BeIBOJIE (OPMYJIBI (5), MOTYT OBITH MPOBEPEHBI
AKCIEPUMEHTAIBHO?

9. Jlns 4ero HUTHU MOJBECA Pa3Be/IeHbI B MONEPEYHOM HAIIPABICHUN?
MeTtoa KpyTHIIBHOTO OAIIITHCTUYECKOTO MassTHUKA

KOHTpOJ’IBHHe BOITPOCHI

1. Kak cka3pIBaeTcsi Ha MPUMEHUMOCTH JJAHHOTO METO/1a OTJIMYKE YTJIa, Ol KOTOPhIM
HarpaBJieHa CKOPOCTH ITYJIM K TOBEPXHOCTH MUIIIEHH, OT MIPSMOTO?

2. Tlpu xakux aMIUIMTyax KoJaeOaHWil MasTHUKA CIICYET U3MEPITh IEPHOIbI?

Kak BnusieT uMITynibC myJiu Ha KosjeOaHus MasTHUKA?

4. Kakas 1o SHEpruM Mmyiau nepexoauT B Teruio B lu |l ombiTe B pesysibTaTe coyaape-
HHUS C MasITHUKOM?

w

Pabora 1.2.2. DxcniepuMeHTalIbHAs IPOBEPKA 3aKOHA BPALLATENILHOTO ABU)KEHUS HA
KpecTo0Opa3HOM MasTHHUKE.
KoHTposbHBIE BOTIPOCHI

1. Tlouemy cTpemsTCS YMEHBIIUTH BEIMYMHY MOMEHTA CUJI TPEHUSI B OCH MasTHUKA?

KaxoBa posib TONIIMHBI U YOPYTOCTH HUTHU B OIBITE?

3. Kakyio BennunHy B JTaHHOM KCIIEPUMEHTE CIIEyeT H3MEPATh ¢ HanOOJIbIIeH TOYHO-
CTbIO?

4. Cdopmynupyiite u nokaxute reopemy Il toiirenca-1lIreiinepa.

N

Pa6ota 1.2.3. Onpenenenne MOMEHTOB MHEPLIUHU TBEPABIX TeJl C IOMOIIBIO TPUPUISPHO-
ro noJjseca.
KoHTpoJIbHBIE BOIIPOCHI

[Tpu KaKUX YIPOIIAOIINX MPEAOIOKEHHUIX BbIBeieHa (hopmyia (10).

MoOHO 11 T0JIB30BATHCS MTPEMIOKEHHBIM METOJOM ISl OTPEIETIECHUSI MOMEHTOB UHEP-
IIUM TEJI B TOM clly4yae, KOTJ1a OCh BpallleHus IIaTGOopMbl HE IPOXOIUT Yepe3 LEHTP Mac-
Chl?

Beisenute popmyny I'oitrenca-1reitnepa.

Pabota 1.2.4. Onpenenenue riiaBHbIX MOMEHTOB MHEPIIMU TBEPBIX TEJI C TOMOIIbIO KPY-
TUJIBHBIX KOJICOaHUH.
KoHTpoJIbHBIE BOIIPOCHI

YTto Takoe Iri1aBHbIE MOMEHTHI MHEPLIMH TBEPIOTO Tena?

Kak BBITIAIUT 3JIMIICOU MHEPIHH KyOuKa?

Kak nmpoucxonut cBo0oaHOE (B OTCYTCTBHE BHEIIHUX MOMEHTOB CHJI) BpallleHHE TBEPO-
ro tena?

PaGoTa 1.2.5. MccnenoBanue BRIHYKICHHOM PETYISIPHON MPENeCCUU THPOCKOTIA.
KoHTpoIibHBIE BOTPOCHI

Yro Takoe rupockon? KakoBsl €ero OCHOBHBIE CBOICTBA?

OT4ero 3aBUCTH CKOPOCTh PETYJISIPHON IPELECCUU THPOCKoma?

KakoBa pazMepHOCTb MOJYJIsl KpyUEHHsI, BXOJSILIETO B (GOpMyITy JUIsl OTIpe/ieIeHus 1e-
pHOAa KPYTHIIBHBIX KOJIeOaHUit?

[Tonyuure popmyny (9) uz popmyisi (8).
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YeM 00BACHUTH, UTO MOHETA, KATAILIASCS TI0 MOJTy, IOBOPAYMBAETCS HA CTOPOHY, B KOTO-
pYyIO OHa HaKJIOHEHA?

Pa6ora 1.3.1. Onpenenenne monyins KOHra Ha ocHOBE HccienoBaHus aedopmanmii pac-
TSDKCHHS ¥ K3rH0a.
KoHTposbHBIE BOIIPOCH

Kakue ocHOBHbBIE HCTOYHUKH MOTPEUTHOCTH U3MepeHuit? Kakum 00pa3oM MOXKHO
YMEHBIINUTh NOTPELIHOCTH?

OneHuTe MakCUMalIbHYI0 TOYHOCTh, C KOTOPOM IPHU JTaHHBIX YCIOBUSIX LEIECO00PAa3HO
U3MEPAThH yUIMHEHHUE IPOBOJIOKH U CTPEIIKY mporuda Opycka.

B 4em paznuune Mexay 0JTHOOCHBIM HAPSXKEHHBIM COCTOSIHUEM M OTHOOCHBIM J1e(hop-
MUPYEMBIM COCTOSIHUEM ?

[Tpu KakuX HAIPSHKEHUSIX ¥ OTHOCHTENBHBIX Je(hopMaIHsiX BITOTHSAETCS 3aK0H ['yka?
Kakue oTkinoneHus ot 3akoHa ['yka BO3MOXHBI pH 1e(hOPMUPOBAHUN TBEPABIX TEIN?
UYro takoe koadpdunument [lyaccona?

Kakue npeanonoxeHus cenanbl, YTOOBI MOJIYYUTh CBA3h MAKCUMAIILHOTO Mporuba 6as-
ku ¢ moayJsieM FOnra?

B kaxoii 3aBrucumocTH Y(X) omuchiBacTCs popMa CpeIHe JIMHIKA OaIKK MPU YUCTOM U3-
rube?

Jns gero B mpubope JlepmanToBa HexHa Tutomaaka M?

Pabora 1.3.2. Onpenenenue Moy Kpy4eHUs.
KoHTpoJIbHBIE BOIIPOCHI

Kak TpeHue B ocsix 06J10k0B b BiMsieT Ha pe3ysibTaThl U3MEPEHUH CTATHUYECKUM METOI0M?
Kak MO’KHO yMEHBIIUTH 3TO BIUSHHE?

Kak MeHsiercst nepuo1 kojaeOaHuit Py yBEITUUCHUH UX 3aTyXaHHs?

Kakoii MeTos mpeanouTuTenpHee Ha MPaKTUKE: CTAaTHUECKU UITH TUHAMUYECKHii?

Kak o1eHuTh MorpenrHocTs U3MEPEHUsI MOAYJISI KpYUEHUS TP OMPEIeICHUH €T U3 Ipa-
¢duka B KoopuHATAX 12122

Pabora 1.3.3. Onpenenenue BI3KOCTH BO3/lyXa IO CKOPOCTH TEUEHUS Y€pPE3 TOHKHE
TPYOKH.
KoHTposbHbIE BOIPOCH!

Kakoii ¢popmyroii onuceiBaercst npoduiab CKOPOCTH JTAMUHAPHOTO MOTOKA B TpyOke? Kak
COOTHOCATCS CPEJIHSA [0 CEYCHUIO M MaKCUMaJIbHasi CKOPOCTH?

Uro Takoe yucio PeitHonbaca? Kak ero MoXHO oNpeaenuTh U3 SKCIEPUMEHTAIbHbBIX
MaHHBIX?

Kak rpadguuecku Hajjo 00paboTaTh pe3ysibTaThl U3MEPEHUH 1O 1.8, YTOObI U3 HUX JOCTO-
BEPHO OBLIIO BUHO pa3iMyue Y4acTKOB O CPOPMUPOBAHHBIM U HECHOPMHUPOBAHHBIM
TEYEHUSAMHU?

Pabora 1.3.4. MccnenoBaHue CTallMOHAPHOTO MOTOKA KUIAKOCTH B TPYOE.
KoHTpoiibHBIE BOTPOCHI

IIpu kakuX MpennoaoKeHusX MoaydeHo ypasuenue bepnymnnu?
B kakyto cropoHy U3MeHseT moka3zanus pacxoaomepos [Iuto u Bertypu Hanmuaue Bsi3-
Koctu?



3. Ilpm xakux ypoBHsX Bozbl H B pe3epByape |1 Teuenue B Tpyde T mamuHapHOE, IPU KaKuX
- TypOyneHTHOEe?

4. B HEKOTOPOM OIIBITE MPOUCXOAUT JITAMHUHAPHOE TEUCHHUE )KHUIKOCTH 10 TpyoOe. Kak Oyner
HU3MCHATBHCA TCUCHUC, CCJIU UCII0JIb30BaTh BCC MCHCC BA3KYIO JKUIAKOCTDH, OCTABJIASA HCU3-
MEHHBIM JTUaMETpP TPYObl, CKOPOCTh T€UEHUS U TUIOTHOCTD KHUJIKOCTH?

5. Tlpu xakoM TedeHUU - TypOyJISHTHOM WIIH JAaMUHAPHOM — TIOJy4aeTCs JIydIlee CoTriiacue
CKOpOCTH, OIIPEAEIEHHOM 110 pacxonoMepam [Iuto u BeHTypu, co CKOpOCTBhIO, HalIEH-
HOM ¢ moMo1Isio pesepByapa [1?

6. BwiBemute popmyny Toppuuemm. Mcnons3ys popmyiny Toppudernim, OIeHUTEe CKOPO-
CTH BBITEKAHHUS BOJbI U3 OUEHb KOPOTKOM TPYyOBI TP pazauydHbIX ypoBHAX H. [louemy
peabHbIE CKOPOCTH BBITEKAHUS U3 IJIMHHOM TPpyObl 3HAUMTENHHO MeHble? B pacxomo-
mepax [Tuto u BeHTypu orieHUTE pasHUILy YpOoBHEH BOAbI ANB JICBBIX U3MEPHTEIbHBIX
TpyOKax, npucoequHeHHbIX K TpyOe T B MecTax oauHakoBoro ceueHus. Kak MoxHo 00b-
SCHUTH HAJIMYME pa3HULIbl faBieHuit? Kakue nmomaydarcs pe3ynbTaThl, €CIIHU ¢ TOMOIIbIO
JMHEHHOT0 AKCTPANOIUPOBAHUS TONBITATHCS HANTH JaBiIeHUs Ha KOHIax Tpyosr T?

Pabora 1.4.1. U3yuenue pu3nueckoro MasiTHUKA.
KoHTpoJIbHBIE BOIIPOCHI

1. Tlpm xkakux ympouammux IpearnoaoKeHusx BoiBefeHa popmyna (4)?

2. Tlpu xakoM pacCTOSIHHH OT LIEHTpa Macc A0 TOYKHU MOoJIBeca Nepruo KojaebaHnii MasTHH-
Ka MUHUMAaJEeH?

3. Kak Oynet Bectu cedst pu3NUYECKUI MAsITHUK, €CJIM COBMECTUTH TOUKY €0 MoJIBeca ¢
LIEHTPOM Macc?

4. C xakoy 1eNbI0 B IaHHO paboTe MaTeMaTH4eCKHil MasSTHUK MOABEIINBACTCS HA IBYX
HUTAX?

5. Cdopmynupyiite u nokaxute Teopemy I roiireHca-IlIreitnepa?

Pabota 1.4.2. Onpenenenne yCKOpeHUs: CBOOOIHOTO MaIeHUs ITPU TOMOII 000POTHOTO
MasiTHHKA.
KoHTponbHbIe BOIPOCHI

1. Kak BAMSIOT HAa TOYHOCTb SKCIIEPUMEHTA KoJieOaHHsI TeMIepaTyphbl, CHla TPEHHs, aM-
IUIMTY/a KoieOaHui MasiTHUKA?

2. Tlpu KakOM pacCcTOSIHHH OT OTTOPHOW MPU3MBI JI0 IIEHTPa MAcC MEePHOJI KOJICOaHUI MasiT-
HUKAa MUHUMaJeH?

3. Tokaxwure, YTO TOYKA OMOPHI MAITHUKA M €r0 IEHTP KaYaHUS JIEkKAT M0 Pa3HbIe CTOPOHBI
OT LIEHTPA Macc.

4. Cdopmynupyiite u nokaxute TeopeMy [ 'toiirenca-1lIrelinepa.

5. TlokaxkuTe, YTO NpH MEPEMEILIEHUHU OCU KayaHHUH B LIEHTP KauaHUH Nepruoj KojaeOaHui
MasTHUKA HE JOJKHBI U3MEHATHCS,

Pa6ora 1.4.3. VccnenoBanue HeMMHEMHBIX KOJIEOAHUI JUIMHHONIEPUOIHOTO MasTHUKA.
KoHTponbHbIE BONIPOCHI

1. Kak mensiercs neproj KojebaHusi MassTHUKA NPH YBEJIHMUYEHUU 3aTyXaHUI?

2. Kak ycTpoeH [UTMHHOTIEPHOAHBIN MasTHUK, UMEIOIINN OO0JIbIIIE IePUOIBI KOJIeOaHU
pyu HEOOIBIIMX pa3Mepax? MoxkHO i1 B paboTe BMECTO HETO HUCIOJIb30BAaTh OOBIYHBII
MasITHUK?



SAREIR I

Kak u3mensieTcs mepuo)1 KoyieOaHusl MasiTHAKA IPU YBEITUYCHUN aMILUTHTY Bl KoJieOa-
HUI?

Pa6Gora 1.4.4. VccnenoBanue cBOOOMHBIX KOJICOAHUN CBA3HBIX MASTHUKOB.

KOHTpOJ’IBHHe BOITPOCHI

[TpuBenuTe mpuMepsl KOaeOaTEIbHBIX CUCTEM C IBYMS CTETIEHAMU CBOOOIBI.
Yrto Takoe HOpMalIbHOE KojIeOaHus (MOIbI)?

Kakue xonebanust Ha3pIBAIOTCS MaPIHATHHBIMU?

[Tpu KakOM Ha4aJIHLHOM YCJIIOBMHM BO3HUKAET MOOYEPEIHAsI PaCKayKa MassTHUKA?
BriBemute Gpopmyny (17).

Pa6ora 1.4.5. I3yuenue koynebaHuii CTpyHBI.
KoHTposbHBIE BOIPOCH

Yto Takoe MpooJbHbIE U TonepeuHble BOIHbI? Hanumure ypaBHeHue Oeryieil BOJHbI.
BriBenute ypaBHEHUE cTOSUEH BOJIHBL. JlaliTe OnpeaeneHne Mmy4YHOCTH U y3J1a CTOAYeH
BOJIHBL. Kak mpoucxoaut repegada SHEPTUH 110 CTpyHE?

[TokaxuTe, 4TO CKOPOCTh PACIIPOCTPAHEHUS MOMEPEUYHBIX BOJH 10 CTPYHE paBHa. Uemy
paBHa 3Ta CKOPOCTh B BAlTUX U3MEPEHUSAX ?

Kax mpoucxoaut orpakenue Oeryiiei BOJIHbI OT )KECTKO 3aKPEIJIEHHOTO KOHIIA CTPYHBI
Y OT KOHIIa, KOTOPBIA MOXET CBOOOIHO JIBUTATHCS B HAIIPABJICHUH, IEPIICHIUKYIISIPHOM
K HaIlpaBJICHUIO HATSKCHHUIO CTPYHBI? Kak MeHsieTcs Ga3a OTpaskeHHOM BOJTHBI?

[Ipu KakoM yCJIOBHUH BIUSTHUEM OeryIei BOJIHBI Ha KAPTUHY KOJIEOAHUNM CTPYHBI MOKHO
npeHebpeus? Kak 3To ycioBre MOXHO MPOBEPUTH MIPH MPOBEJICHUU IKCIIEPUMEHTA?

Pabota 1.4.6. I3mepeHne CKOpOCTH YIbTpa3ByKa B AKHUJIKOCTH C IIOMOLIbIO YJIBTPAa3BYKO-
BOro UHTEphepomeTpa.
KoHTpoJIbHBIE BOIIPOCHI

Kakmne mexannueckue koaebaHus Ha3bIBAIOTCS YIbTPa3BYKOBBIMU?

Yrto Takoe Mpo10JIbHBIE U MTONEPEUHbIE BOJIHBI U KakoBa UX npupoja? B kakux Bermie-
CTBaxX OHHM MOTYT PaclpoCTPaHATHCS?

Hanummre Beipaxenue 1uist OEryIieid BOIHBI.

[Tpu kakuX yCIOBUSX BO3MOXKHA HHTEP(EpEeHIINs BOIH?

BriBeaute hopmyity, onpeaensionyo YCIoBUsS BOSHUKHOBEHUS pe30HaHca B HHTepde-
pometpe. Kak BIUSIIOT rpaHMYHBIE YCIOBUS Ha 3Ty popmyny?

[Ipu KakuX yCIOBHSIX BO3HUKAET cTosiyas BosHA? UTo Takoe y3ibl 1 mydHoctu? Kak
MIPOUCXOAUT Mepeaya SHEPTruu B BOJIHE?

[Touemy B pacTBOpax 3JEKTPOIUTOB CKOPOCTh PACIPOCTPAHEHHUS YIbTpa3ByKa OoblIle,
YeM B UUCTOM Boje?

Kaxkue n3smenenus cienoaino Obl cienaTh B UHTEpHEpOMETpe, YTOOBI MOKHO OBLIO MPO-
W3BOJIUTH U3MEPEHUS B Ta3ax?

Pabora 1.4.7. Onpenenenue ynpyrux KOHCTAHT KUAKUX U TBEPJBIX TEJ O CKOPOCTU
pacnpoCTpaHEeHUs yIbTpa3ByKa.
KoHTponbHbIE BONIPOCHI

[Tpu onpeneneHuy CKOPOCTH PACIIPOCTPAHEHHS YIAbTPA3ByKa C OMOILBIO Ae(EKTOCKONa
Ha 9KpaHe MOMUMO IOCIIEI0BATENbHO OTPAXKEHHBIX UMITYJILCOB HAOIIOAAI0TCA TOOOYHbIE



UMITYJIbChI. Kakne mpuauHbI IPUBOIT K MOSBICHHUIO ATHX UMITYIbCOB? Kak oT HUX n3-
6aBUTHCS?

2. Ilpu u3MepeHnr CKOPOCTH YIIbTPa3BYyKa C IOMOUIBIO IIyIa B PE3yJIbTaT BHOCUTCS CUCTE-
MaTH4ecKast MOTPEeUIHOCTh, BOZHUKAIOIAS U3-3a TOT0, YTO MEXKAY M3IIydaTelieM U UCCIIeaye-
MBIM MaTE€pHaJIOM HaXOJIUTCS KIMHOBUIHAS YaCTh IJICKCUTIacoBOro mryna. OneHure Benu-
YUHY 3TON MOTPEIIHOCTH, HCXO/IS U3 pa3MepoB Iymna u odpasia.

3. Tlokaxwure, 4T0 KOAPPHUIHUEHT OTPAKECHUS YIHTPA3BYKOBOM BOJHBI HAa TPAHULIE IBYX
CpeZ He 3aBUCHT OT HAIPABJICHUS IBHKCHHUS BOJIHBIL.

Pabora 2.1.2.

1.3aBucHT 11 y OT TEeMIIEpaTypsl B BIOpaHHOM MHTEpBaJIe TeMIepaTyp?

2.Yemy paBubl Cp, Cv u y Ui uJeallbHbIX Ta30B [0 TEOPEME O PAaBHOMEPHOM pacIpejere-
HUU DHEPTUHU IO CTENEHsIM CBOOObI?

3.ITouemy npu HAOJHEHUH COCY/a BO3AYX B HEM HarpeBaeTcsi?

4.Cnenaiite OlleHKY BpEMEHH BBITEKaHUS Ta3a, UCoib3ys popmyiry Ilyazeitns.

Pabora 2.1.3.

1.BeiBeaure opmyinsl (1.16) u (1.17).

2.3aBUCHT JIM Y OT TeMIIEpaTypbl B BBIOPAHHOM HHTEpBaje TeMieparyp?

3.byner nu HaOmromaTbes Takas 3aBUCMMOCTb MPU M3MEHEHUHU TEMIEpaTyphl OT OUYEHb Ma-
JIBIX 3HaYeHuil 1o 1000 °C?

Pabora 2.1.4.

1.Kak onpenensitoTcs yAesibHas U MOJIsipHast TEMJI0EMKOCTH?

2.Yemy paBHa aTOMHAas TEIUIOEMKOCTh METaJlIa 10 KJIacCHueckor Teopun? Yemy paBHA MO-
JSIpHAs TEIUIOEMKOCTh XUMUYECKOTO COEIMHEHUS?

3.Kakne mepsl peKOMEHAyeTCs MPUMEHSThH JUIsi YMEHBIICHHUS OMMOOK M3MEpEHUs, CBSA3aH-
HBIX C TTOTEPSIMH?

Pabora 2.1.5.

1.Kakue ycioBusi Hy’KHO BBIIIOJIHUTE, YTOOBI npoltiecc Aeopmanuiu Obl1 00paTUMBbIM?
2.ITokaxwuTe, uro npu Manbix A 1 AT popmyina (15) mpuBoAUT K OOBIYHBIM BBIPAKEHUSIM TSI
YIPYTOTO PacTsKEHUS U ISl TEIJIOBOIO PACIIUPEHHUS.

3.Bo3MorkeH nu ciydait, koraa gegopmanus pe3suHbl He COIPOBOXKIAETCS TEIUIOBBIM 3 hek-
TOM?

Pa6ota 2.1.6.

1.Yem oTnuyaroTcs peajibHble Ta3bl OT UCaTbHBIX?

2.Haueptute KpHBBIE, BBIpa)KAIOIINE XapaKTep 3aBUCUMOCTH CHUJI B3aUMOJICHCTBUS U B3aUM-
HOW MOTEHIIMATLHON SHEPTUHU JBYX MOJIEKYN OT PACCTOSHUS MEXIY HUMH, U, UCTIONB3YS HX,
o0BbsicHuTe npuunHbl d3dpdexra [xoynsa-Tomcona.

3.Kakas temneparypa Ha3bpIBaeTCsl KpUTHUECKOM? UTo Takoe Temreparypa HHBEpCUH?
4.00bsacHUTE KauecTBEHHO 3HaK »pdexTa J[xoyns-Tomcona B cinyyae a = 0, b # 0 u B ciy-
qaea# 0, b=0.

Pa6ota 2.2.1.
l.HOKa)KI/ITe, 4YTO B YCJIOBHAX ONBITAa KOHOCHTPALUIO IT'a30B MOXXHO CUUTATh MOCTOSIHHOHU IIO
BceMmy 00béMy cocyna Vi (u V2).



2.ITouemy cremyet oXuaaTh, 9To rpaduk 3aBucuMoctd D oT 1/P nomkeH uMeTh BUIT IPSAMOi
JTUHUM?

Pabora 2.2.2.

1.ITouemy TEIUIOOTBOJ OT HUTH MAAACT IPH YMECHBIICHUHU JABICHUS OT HECKOJIBKUX TOP JIO
JIECATBIX JI0JIeH Topa?

2.3aBUCHT JIM TEIUIOOTBOJ OT JaBJICHHS B o0nacTu Oojee BBICOKHX aaBieHuit? (O0cyaute B
TOM YHUCJIC MEXaHU3MBI, OTIIUYHBIE OT TETUIOMPOBOIHOCTH. )

Pabora 2.2.3.

1.Kak M3BECTHO M3 KMHETHYECKOW TEOPHH Ta30B, JJIMHA CBOOOIHOTO mpobdera A 3aBUCUT OT
KOHIIGHTPALUH N ceayolum oopazom: A = 1/on. UTto Bbl MOXKETE CKa3aTh O 3aBUCUMOCTH G
OT TeMIIepaTypbl HA OCHOBAaHUH IOJIyYEHHBIX B 1. 6 pe3yibTrarax?

2.ITouemy npuOOpPBI 17151 U3MEPEHMsI TEIUIONPOBOJHOCTH Ia30B BCEI/la YCTAHABIMBAIOT Tak,
YTO LMJIMHIPUYECKHH CTOJ0 ras3a aenaercs TOHKUM M JUIMHHBIM M Paclioylaraercsi BepTH-
KaJIbHO?

3.0ueHuTe BIUSHUE TEIUIOOTAAYH Yyepe3 KOHIIbI IIPOBOJIOKH.

4.BceB0o3MOXKHBIE TEPMO3/IC OOBIYHO UMEIOT BETMUYMHY HECKOJIIBKMX MUKPOBOJIBT Ha Ipajyc.
OneHure BeIMYUHY TOKA B HUTH, IIPU KOTOPOM TEPMO’JIC B LIETIH BOJBTMETpa OyayT 3aMeT-
HO HCKa)XaTh Pe3yJbTaTbl U3MEPEHUH.

5.KakoBa pa3HOCTb TeMIiepaTyp MeXy HUTbIO M KOKyxoM Iipu Toke 150 MA? ComocraBbre
TEOPETUYECKUI PACUET CO CBOUMH 3KCIIEPUMEHTAILHBIMU PE3yJIbTaTaMu.

6.I1pu BeBONIE hopmyie (1) mpeHeOperanoch 3aBUCMMOCTHIO TETIONPOBOJAHOCTH OT TeMIIe-
paTypbl, IOATOMY OHa cIpaBeianBa Tobko Npu AT << T. OueHUTE CBSI3aHHYIO C 3TUM IO-
IPELIHOCTh B OINPENEICHUH X, IOJYYUB TOUHYIO (DOPMYIY B MPEANOIOKEHUH, YTO 3aBUCH-
MOCTh TEIUIONPOBOTHOCTH OT TEMIIepaTypbl UMEeT BUI H ~ 1.

Pabora 2.2.4.

1. aitTe onpenenenne k0dPpUIMEHTA TETIONPOBOAHOCTH U YKAKUTE €r0 Pa3MEPHOCTb.
2.BeiBentute popmyiry, aHaOTHUHYIO Gopmyrie (3), HO YIUTHIBAIOUIYIO0 U3MEHEHHE TUTOIIAIH
moroka rema ot S1 mo S2.

3.BeBenute Gopmyiy (6), yIUTHIBAIOIIYIO PA3HYIO YYBCTBHTEIBHOCTH TEPMOTIAP.

4.Y naércst In HKCIEePUMEHTAIbHO Ha IaHHOW YCTaHOBKE MPOBEPUTH, 3aBUCUT JIM KO3 PUIH-
€HT TEIJIONPOBOJHOCTU 3TAJIOHHOIO MaTepuaia OT TeMIeparypbl? MemarT a1 3ToMy Tel-
JIOBBIE OTEPU Yepe3 OOKOBBIE TOBEPXHOCTH?

5.Mcnonp3ys sKcrepuMeHTa bHbIE 3HAYEHHs 3aBUCUMOCTH TEeMIEpaTyphl OT paauyca, Mo-
CTpOWTE M30TEPMBI U HAPUCYITE TMHUU MOTOKA TemIa (XOTs Obl TPU U30TEPMBI U TPU JTUHUU
MOTOKA TEeIUIa, HO, YTOOBI OHU OXBATHIBAJIM BCIO IJIOIIAb CEYEHUS MTAKeTa MIACTUH).

Pabora 2.2.5.

1.ITouemy B mepBOM YMPaXKHEHUHU PEKOMEHJIOBAIOCH OMPEIENATh BSI3KOCTh BOJIBI rpaduye-
ckuM MetonoM? He mydiie mu onpeaensTh HCKOMYIO BS3KOCTh M3 OMBITOB, MOTYYSHHBIX IS
pa3HbIX BBICOT TpyOku? Kazamoch Obl, ycpeaHsisi pe3yabTaThl 3TUX OMBITOB, MOXXHO HE TOJb-
KO HaliTH OJM3KHE K HCTUHE 3HAYCHHSI BIA3KOCTH, HO M HAJIEKHO OICIUTD MOTPEIITHOCTH OIThI-
TOB TI0 pa30pOCy MOTyYEHHBIX 3HaYeHHI. Uem 110X Takoit crocod o0paboTku?

2.Pa3HOCTD JTaBICHMIA, KOTOPYIO HYXHO NMPHIIOKHUTH K JKHIKOCTH, YTOOBI MOJYYUTh 3a/1aH-
HYIO CKOPOCTh €€ MPOTEeKaHMs Yepe3 TPYOKy MpH JIAMUHAPHOM TCUCHUH, 3aBUCHT OT BSI3KO-
CTH XUJKOCTH. BakHO 7M1 3HATH BS3KOCTH YKHJIKOCTH, €CIIM HYXXHO PacCUYHTATh €€ Pacxol



npu TypOyneHTHOM TedeHnH? Kakume XapakTepHCTHKH XHIKOCTH HYKHO 3HATh JUIS TaKOTO
pacuéra?

Pabora 2.2.6.

1.3 paccMOTpeHHON MOJENH KUJIKOCTH CJIEIYET, YTO ISl MepeMEIIEHUs MOJIEKYJIbl B CO-
CE/IHIOI0 «IBIPKY» JOJDKHBI OBITH pa3opBaHbl €€ CBSI3U C COCEIHUMHU MOJICKyJamH. Pa3pniB
CBsI3€M MPOUCXOAUT U MPHU UCHAPEHUH XUAKOCTU. [[03TOMY MOMXKHO OKHUJIaTh, YTO DHEPrUs
aKTHBAIlMU MOJICKYJIbI OJIM3KA K YHEPTUU KUMIEHUS KUAKOCTH, MPUXOASIICHCS HA OJIHY MO-
nekyny. [ToaTBepkat0T JIM 3TOT BBIBOJ PE3yJbTaThl MPOBEIEHHOIO IKCIIEpUMeHTa? 3Haye-
HUE€ SHEPTUU UCTIAPEHUS UCCIEAYEMOMN KUIKOCTH BO3BMHUTE U3 CIIPABOYHHUKA.

2.I1pu omnpeneneHny BA3KOCTH KUIKOCTH 10 MeToay CToKca peKOMEHIYeTCsl UCIOJIb30BaTh
CTaJIbHbIC IIAPUKU Pa3HbIX pa3mepoB. lllapuku kakux pazMepoB — OOJbIINE WIH MaJleHb-
KH€ — JIy4Ille UCIOJIb30BaTh MPU MPOBEICHUH SKCIIEPUMEHTOB?

PabGota 2.2.7.

1.TTokaxxute, 4TO B YCIOBUSAX HAIIETO OIBITA KOHIIEHTPAIMIO Fa30B MOXKHO CYUTATh MOCTO-
SIHHOM 110 BCeMY 00bEMY cocya.

2.B 1eM paznuune M1y MOJICKYJISIPHBIM M BSI3KOCTHBIM pexxumamMu auddy3uun?

Pa6ora 2.3.1.

1.B kakuX yCJIOBHUSX TEIUIOMPOBOJHOCTh U BA3KOCTh ra30B HE 3aBUCST OT JaBIICHHS?
2.ITouemy TepMOBaKyyMMETp HE MEHSET TIOKa3aHM PH YMEHbBIIICHUH J1aBjicHus Huxke 10-4
Topp?

3.1t yero B MOHM3AIMOHHOM MaHOMETPE JIBFDKEHHUIO AJICKTPOHOB MPHJIAH KOJICOATEIIbHBIN
xapaxrep?

4.TToueMy TPOMYCKHASI CIIOCOOHOCTh TPYO B MOJICKYJISIPHOM PEKUME HE 3aBUCHT OT pa3Me-
pOB MoJIeKy?

Pa6ora 2.3.2.

1.Kakoii HamsTydinii BaKyyM MOXET OBITh MOJIyY€H B Pe3yNbTaTe 3JIEKTPOOTKAYKU B MaHO-
MeTpudeckoit tamme JIM-2, ucrnonas3yeMoil B JaHHOM pabote?

Z.YJ'IyTHHI/ITCH WK YXYAIIHUTCS BaAKyyM, €CJIN MPOLECC SJICKTPOOTKAYKHU BECTU NPHU JOITOJIHU-
TETHHOM OXJKJICHUH KOJUIEKTOPA JTaMIIbl?

Pa6ora 2.3.3.
1.0OuenuTe BIUSHUE KaWIISPHBIX SIBICHUH Ha pe3yabTaThl U3MEPEHUH.
2.Ilpu xakuX KOHIIEHTpaLUsAX pacTBopa crpaseninBa Gopmyna (1).

Pabota 2.3.4.

1.Yt0 Ha3bIBaeTCs MoONepeyHbIM ceueHueM BiauMojeiicTBua? Kakoe momepeuHoe ceueHue
Ha3bIBAETCS YIPYTUM, a KaKOe HEYypyrum?

2.Kak cBs3aHbI MeXIy co00ii momnepedyHoe ceueHne u JiuHa cBoboanoro npodera? Ilomyuu-
Te hopmyny (5).

3.Kakum 3aK0HOM OTpeensieTcsi 3aBUCMOCTh YITPYTOCTH HACKHIIEHHOTO Mapa XUIAKOCTH OT
TeMIlepaTypbl?

4.Iloyemy morpy:xatb IpuOOp B KHUJIKOCTh HAJO MOJHOCTHIO, T. €. CO BCEMH €0 BBICTYIAIO-
UMM dIeMEHTaMu?



Pabora 2.3.6.

1.Kak mensitoTcst naBneHusi, peructpupyemslie jamnamu 5 (P1) u 7 (P2) B 3aBucuMocTH OT
BpPEMEHH U OT TeMIIeparypsl 6ayioHa 1?

2.Kakoii oxxugaercs 3aBHCUMOCTh OTHOIIeHUS naBienuid P2/P1 ot temmeparypsl 6amiona 1
Y yBEIMUYEHUH 001Iero nasienus B 0amtone ot 10-3 Topp g0 1 Topp?

Pa6ora 2.4.1.

1.B cripaBOYHUKAX MPUBOIUTCS TEIUIOTA UCIIAPEHUS, U3MEPEHHAS TIpU JaBieHuu 760 MM pT.
ct. CoBmagaer ju dTa BEIWYMHA C M3MEPEHHON Bamu Ha ombiTe? Kakas m3 HuX 0ojbiie?
OueHuTe pa3HUILY MEXAY HUMH.

2.YKaXKUTE, UCXOJI U3 TEOPETUYECKUX COOOpaKEHUH, B KaKyl0 CTOPOHY JOKHA MEHSTHCS
TEIUIOTa UCITAPEHUS C YBEIIMUCHUEM TEMITePaTyPhl.

Pa6ora 2.5.1.

1.Ecau npomyckaTb HECKOJIBKO IY3bIPbKOB B CEKYHJy, MAHOMETp IOKa3bIBAET IPAKTUYECKH
noctosiHHOe JaBiieHue. Ilouemy Obl HE U3MEPATH ero?

2.Ilouemy cnenyet u3MepsITh UMEHHO MAaKCUMAJIbHOE JjaBlieHUEe?

3.Ilouemy norpy’keHue Uribl yMEHbIIAET BIUSHUE TEIUIOBOIO PACIIUPEHU?

4 Tlouemy My3bIpbKU HE TOJDKHBI KacaThCsl THA?

5.Mo>HO 511, He 3Hasl TJIyOMHBI OTPYKEHUS UTJIbl, OIPEAETUTh G, U3MEPsAs MaKCUMaJbHOE
U MMUHUMAJIBHOE JaBJICHHE IIPU NPOTAJIKUBAHUU Iy3bIpbKa?

6.I1onp3ysch NOIYyYEHHBIMU PE3Yy/IbTaTaMH, OLIEHUTE KPUTUUYECKYIO TEMIIEpATypy aHWINHA.
7.I1o3BoJsIET 1M IPOBEAEHHBIN SKCIIEPUMEHT 3aMETUTh HENTMHEWHOCTH 3aBUcuMocTu o(T)?
8.Kakue norpemnocty npeodiaatoT B SKCIEPUMEHTE: CITyYaifHbIe WIIH CUCTEMaTHUECKue?
9.Kakast BeTmuMHa JTOJDKHA CTOATH B (pOpMyIie AJisi BEICOTHI MOTHATHS KUAKOCTH B KaITUILIS-
pe: o BOJa—BO3yX WM ¢ BOJa—CTEKI0?

Pabora 2.5.2.

1.ITouemy B dpopmyiibl (4) u (6) BXOOUT TOJIBKO KOA((ULIMEHT MOBEPXHOCTHOI'O HATSKEHUS
BOJIbI (TPAHUIIBI BOJA - BO3[yX) U HE BXOAAT KOA(D(PHUIIMEHTHI MOBEPXHOCTHOTO HATSIKEHUS
CTEHKa - BO3JIyX M BOJIA - CTEHKa?

2.Ilouemy 3arps3HeHHs KoJbIla A W BHYTpeHHeW moBepxHocTH KioBeThl C (puc. 1) moryr
MOBJIMATH HA PE3YJbTATHl U3MEPEHUN?

3.Ilouemy npu onpezneneHuu BenuuuHbl F Bec Koiblla A B BO3/yXe PEKOMEHJIyeTCsl U3Me-
PATH HE J10, & TIOCJIE €0 OTPhIBA OT BOJBI?

4.BriBenute Gopmyiy (8).

5.IIpoananu3upyiite BO3MOXKHbBIE IPUUUHBI OTPEIIHOCTEN B KXKJJOM U3 SKCIIEPUMEHTOB.

Pabora 2.5.3.

1.C nomomplo TeopuM pa3MepHOCTEH HainuTe QopMyly A CKOPOCTH BOJIH, pac-
IPOCTPAHSIOIUXCS MO MOBEPXHOCTH KHUJIKOCTH, IPU OOJNBIIMX 3HAYEHUSX A, KOTJa MOXKHO
npeHedpeyb BKIIaI0M CHJI TOBEPXHOCTHOTO HATSKEHUSL.

2.IToctpoiite rpaduk 3aBUCUMOCTH CKOPOCTH I'PABUTALIMOHHO-KAMMIISIPHBIX BOJH OT JJIHHbI
BOJIHBL. [Ipy KaKkoi JUTMHE BOJIHBI CKOPOCTh PACIPOCTPAHEHHUSI OKa3bIBAE€TC MUHUMAIBHON?

Pabora 3.1.1.
1.ITpusenure popMyy JIsl OIS TOYEYHOTO MATHUTHOTO JTUMOJIS.
2.ITonmyunre GopMyITy sl MATHUTHOTO TIOJIST B IIEHTPE KPYTOBOTO BUTKA C TOKOM.



3.Kakum n0mKkHO OBITh BHYTPEHHEE COMPOTUBIICHWE MCTOYHMKA HAMPSHKEHUS, YTOOBI EM-
KOCTh YCIIEBaIa pa3psKaThCsi MEXKIY 3aMbIKaHUSIMU BUOpaTopa?

4 Mbl u3MepsieM He 1osie 3eMIId, a MoJie BHYTPH 3/1aHusl. Biuser i1 3To Ha TOYHOCTH Ompe-
JIeTICHUS JIEKTPOIMHAMUYECKON TOCTOSTHHOM?

5.YcTraHOBUTE COOTHOIICHHUS MEXAY 3PCTEOM U aMIIEpOM Ha METp, rayccoM U TECIOM,
MaKCBEJUIOM U BeOEepOM.

Pa6ora 3.1.2.

1.0nenute ommoOKy, BO3SHUKAOIIYIO BCIEACTBHE TOTO, YTO PABHOBECHE BECOB YCTAHABIIMBA-
JIOCh TIPU HAJMYUHM HEOOJBIIOTO 3a30pa MEXIY MTU(TAMH U KOHTAaKTHBIMU IUIACTHHAMHU, a
U3MEPEHUS TPOU3BOISTCS MTPU OTCYTCTBUU 3TOTO 3a30pa.

2.ITokaxxute, 9TO DIIEKTPOCTATUICCKUI BOJBTMETD MPHUTOACH JUISI U3MEPEHUS KaK IMOCTOSH-
HOT'0, TaK U IEPEMEHHOTO HAIMPSKCHHUS.

3.ITokaxkuTe, 4TO U3MEPEHUS T1a IIEPEMECHHOM TOKE OINPEACIAOT MMEHHO 3(h(EeKTUBHOE 3HA-
YCHHE ero HAIPSDKCHUS.

4.Yem orpeneasieTcss HHTEPBaI 4YacTOT, B KOTOPOM MOYKHO HU3MEPSTh IIEPEMEHHBIC HampsoKe-
HUS C IIOMOIIBIO 3JIEKTPOCTATHYECKOrO BOJIBTMETpA?

Pa6ota 3.2.1.

1.YTto Ha3bIBACTCS UMIICIAHCOM JJICKTPHUCCKOM 1ernu?

2.Kak ckimafpIBalOTCS MMIICIAHCHI IPH TOCICI0BATEIBHOM M IapalieIbHOM COCIMHCHHH
9JIEMEHTOB JICKTPUYECKOM IeTH?

Pabora 3.2.2.

1.ITouemy noxazanue BosbT™MeTpa VR+L He paBHO cymMme moka3aHuil BoiabTMeTpoB VR u
VL? B namem cinyuae VR+L < VR + VL . MoxeT 11 HepaBeHCTBO UMETh APYroi 3HaK?
2.ITouemy mpu pe3oHaAHCE B CXEMe Ha pHC. 2 SJUTUIIC Ha IKpaHe ocIuniorpada BeIPOXKIACTCS
B IIPSIMYI0?

3.U3 "ero ckiampiBaeTCsl aKTHBHOE COTPOTUBIICHNE KATYIIKH C CEPACUYHIUKOM?

4. TlosicHuTe NpUHIMN pabOThl BaTTMETPA.

5.BeinonHseTcs nu ycioBHe KBa3MCTAllMOHAPHOCTH TOKOB B Mcmonb3yeMoi cxeme? [loue-
My?

6.Ha kaxoii yacToTe ryauT Karymka?

Pabora 3.2.3.

1.IlpuBenute Bce n3BecTHbIE Bam onpenenenus pe3oHaHca.

2.Kak ycraHOBUTH Hanmuuue pe3oHaHca B uenu? Ilepeunciure Bce n3BecTHole Bam npusHa-
KH.

3.ITonmyunre hopmyiy, CBI3BIBAIOLIYIO JOOPOTHOCTb U COMPOTUBIICHHUS.

4 Kakue npu4YMHbI IPUBOAST K OTEPSIM SHEPTUU B KOHTYpe?

5.3aBUCAT U TOTEPHU SHEPTHH OT YaCTOThI TOKa?

6.ITonyuure dpopmyiy, cBs3bIBarOLIyI0 Rpe3 U rlL.

Pabora 3.2.4.

1.Yto Ha3piBaeTCs COOCTBEHHOW YacTOTOHM, HOOPOTHOCTHIO, JIOTapU(DMHUUECKUM JIEKPEMEH-
TOM 3aTyXaHHsI KoJIebaTeIbHOT0 KOHTYypa?

2.Kakas miockocTh Ha3pIBaeTCs (ha30BOM IJIOCKOCTHIO KOJICOaHN?

3.Kak onpenenuth gorapupmMuUecKuii TeKPEMEHT 3aTyXaHus 10 KapTuHe KojebaHuil B da-



30BOI JIOCKOCTH?

Pabora 3.2.5.

1.BeiBeaure hopmyiy (2.57).

2.HaiinuTe yactHOe perieHue ypaBHeHUs (2.44), He mepexo/s K KOMIUIEKCHBIM BEJIMYMHAM.
(Ykazanue: penienue (2.44) cnenyer uckath B Buae A1 sin Qt + A2 cos Qt.)

3.ITonyunte Bce paBeHcTBa (2.28), ompenenstoniue J00pOTHOCTh KOHTypa. B uém coctout
¢du3uveckuii cMbICI 10OPOTHOCTH?

4.B xakux ciy4asx MOKHO TOBOPHTb, YTO KOJIeOaTeIbHBII KOHTYp €1a00 CBsI3aH C APYTUMH
AJIEMEHTaMH CXEMBI?

Pabora 3.2.6.

1.JlaiiTe onpeneneHrue TMHAMUYECKONW MOCTOSIHHON TrajmbBaHoMmeTpa. OT 4ero oHa 3aBHCHUT U
B KaKMX €IMHMIIAX YKa3bIBAE€TCS B MACHOPTE rajibBaHoMeTpa?

2.Kakue pexumbl IBUKEHHS] paMKH BO3MOXHBI IIPH padoTe rajlbBaHOMETPA B CTAIIMOHAPHOM
pexxume? B kakoM U3 3TUX peXUMOB yI00HO MPOBOIUTH U3MEPEHHS IIOCTOSTHHOTO TOKa?
3.Kak u3mensiercst koaphuIUeHT 3aTyXaHus MOJBUKHONW CUCTEMBI TaJlbBaHOMETpA MPH yBe-
JUYEHUH OMUYECKOTO COMTPOTUBIICHHS €T0 Lenu?

4.ITouemy pamka rajipBaHOMETpa OBICTPO YCHOKauBaeTcs MpH 3amblkanuu kioya K1 (cm.
puc. 2)?

5.3aueM B MMOJIIOCAX MarHMWTa rajJbBaHOMETpA JETAI0T BhIpe3 HWIHMHAPHIECKOH hopMbI? (pHC.
1)

6.B 4éM cymHOCTh OAITMCTHYECKOTO peknMa paboThl ranbBaHoMeTpa? Jlalite onpeneneHne
0aJTMCTUYECKOM MOCTOSHHOM rajibBaHOMETpA.

7.Ilpy Kakux YCJIOBHSX MEPBBIM OTOPOC TajibBAaHOMETPA, padOTAIOIIETO B OAITUCTUYECKOM
pexumMe, MaKCUMaJIeH?

8.BeBeute hopmymy (30).

9.I1pu 3nHauenmsx R > 10Rkp Bo3mMoxkHO oTKIIOHEHUE Tpaduka 1/62 = f[(Ro + R)2] ot nps-
Moit. UTto creqyer yuecTh it 0ObSICHEHHUS 3TOTO OTKJIOHEHUs?

Pabora 3.3.1.

1.Hapucyiite u 00BSICHUTE CXEMBI U3MEPEHUs YIAESIBLHOTO 3apsia dJIEKTPOHA METOJOM Mar-
HUTHOH (DOKYCHPOBKH U METOJIOM MarHeTpoHa.

2.00bsACHUTE NPUHIIMI JCHCTBUS 3JEKTPOHHO-Ty4eBOU TpyOKH ocLmiiorpaga.
3.00bsacHUTE IPUHIUI PabOThl MUIITUBEOEPMETA.

4.Tlouemy B MeTO/ie MarHeTPOHA UCTOJb3YEeTC aHOJ U3 TPEX LIMIUHIPOB, a HE U3 OAHOI0?

Pa6ora 3.3.2.

1.Hapucyiite kauecTBeHHbIE rpadUKu pacupeseneHus noreHyana vV (r) Mexay KaTtoJloM U
aHOJIOM: a) IpHU HYJIEBOH pa3HOCTH MOTEHLMAIOB MEXY KaTOJIOM U aHOAOM; 0) mpu 0oib-
I0H pa3HOCTH MOTEHIMANIOB (PEKUM HACBIILIEHUS TOKa Aauoja). OOBsICHUTE 3TH pacmpene-
JICHUS.

2.KadecTBeHHO M300pa3uTe 3aBUCUMOCTh TOKA IMOJa OT HAINPSDKEHHUS HAa aHOJE B O0JIACTH
OT OTPUIATETHHBIX HAMPSDKEHHUH Va 10 OONBIINX MONIOKHUTENbHBIX. [lokaXuTe Ha 3TOM rpa-
(buKe ydacTOK HANPSHKEHHI, TPH KOTOPBIX BBIMTOHAETCS «3aKOH TPEX BTOPHIX». UeM 00bsic-
HSIOTCSI OTKJIOHEHHUST OT ATOTO 3aKOHA TIPU MaJIbIX U OOJIBIINX HAIIPSDKEHHSIX Ha aHoJe?

3.Kak BimseT TOK Hakajga KaroJa Ha TOK TUOJA TPU HEM3MEHHOM HAIPsDKEHHUH Ia aHoje?
[TpuBOIUT JIK 3TO K MOTPELIHOCTH U3MEpeHus e/m?



Pabora 3.3.3.

1.Iloyemy He ciexyeT BHIOMPATh KAIUIM CIMIIKOM OOJIBIIOrO M CIMIIKOM MajleHbKOTO pas-
Mmepa?

2.Kakue HampsuKeHUs: COOTBETCTBYIOT ONTUMANBHBIM ycloBusiM onbiTa? [lpuBenute pacué-
THI (cM. 11 1).

3.Hapucyiite rpaduk 3aBHCHMOCTH CKOPOCTH KaIlTd B II0JIE CHJIBI TSDKECTH OT BPEMEHH H
YKaXXUTE Ha HEM BpeMs U IIyTh PEJIaKCALIUU.

4.3Has mapameTpbl YCTaHOBKH, OLIEHUTE EMKOCTb KOHAeHcaTopa C M BpeMs €ro paspsaku
yepe3 conpoTusieHue R (tuomaas miactun = 20 cm2).

5.Kakwue emg ciocoObl M3MEpeHus 3apsiaa SICKTPOHA BaM U3BECTHBI?

Pabora 3.3.4.

1.Kakue BemecTBa Ha3bIBAIOT IUAJIEKTPUKAMHU, NIPOBOJHUKAMH, MOJIYyNPOBOAHUKaMU? Yem
OOBSICHAETCS pa3iIMyuue MX JIEKTPUUYECKUX CBOMCTB? Kak 3aBUCHT OT TemmepaTypbl IPOBO-
JUMOCTb METAJIJIOB U MOJIYIIPOBOIHUKOB?

2.JlaiiTe onpezeneHre KOHCTaHThl Xoiula. Kak 3aBucUT KoHCTaHTa XoJjla OT TeMIIEpaTyphl y
METAJIJIOB U MOJIYIPOBOIHUKOB?

3.3aBHCHUT JIU pe3yJbTaT U3MEPEHUsI KOHCTAHThI X0Jl1a OT reoMeTpuu obpasia?

4 Kak yctpoeH MuiuinBedepmeTp? 3aBHCAT JM €ro MOKa3aHUs OT COIPOTHUBIIECHHS H3MEpH-
TesIbHOM KaTymku? KakuM JOKHO OBITh 3TO CONPOTUBIICHUE IO CPABHEHUIO C CONPOTHUBIIE-
HUEM KaTyLIKU Npuoopa: GOIbIINM UM MAJIEHbKUM?

5.IlonyunTe BBIpakeHHWE KOHCTAHThl XOJUla JJI MAaT€PHAJIOB C JBYMS TMIIAMHU HOCHUTEJEH.
IIpu BBIBOZIE UCIIOIB3YITE YCIOBUE PABEHCTBA HYJIIO ITONIEPEYHOTO TOKA.

Pabora 3.3.5.

1.Kakue BemiecTBa Ha3bIBAlOT JUAJIEKTPUKAMHU, MPOBOJHUKAMMU, MOJYNPOBOJHUKaMU? Yem
OOBSICHSIETCS pa3IMUUe UX AJIEKTpuyeckux cBoicTB? Kak 3aBUCHUT OT Temmeparypbl MpOBO-
JUMOCTb METAJIJIOB U MOJIYTIPOBOIHUKOB?

2.Jlaiite onpeesieHne KOHCTaHTHl Xoiuta. Kak 3aBHCHT KOHCTaHTa X0JIIa OT TEMIIEPaTyphl Y
METaJUIOB U MOIYITPOBOJHUKOB?

3.3aBHCHUT I pe3yNbTaT U3MEPEHHUsI KOHCTAHTHI X0JUIa OT TEOMETPHH 0Opa3mna?

4 Kak yctpoeH muuinBeOepMeTp? 3aBHCAT JIM €ro MOKa3aHUs OT CONPOTHBIIEHHS H3MEpH-
TesbHOM KaTymku? KakuM JOHKHO OBITH 3TO CONPOTUBIICHHUE IO CPABHEHUIO C COTIPOTUBIIE-
HUEM paMKH NPUOOPa; OOIBIINM UITU MalleHbKUM?

Pa6ora 3.3.5.

1.Mccnenyiite ypaBHEHMs IBUKEHUS JIEKTPOHOB B MPSIMOYTOJIbHOM IUIACTHHKE. 3aBUCUT JIU
COIIPOTHUBIIEHHUE MJIACTUHKU OT MHIYKIIUU MarHUTHOTO MOJIs?

2.Ilosicaute kayecTBeHHO (0e3 (opMyin), MOYEMy CONPOTUBICHHE 00paslia 3aBUCUT OT Mar-
HUTHOTO TOJIS.

Pa6ora 3.4.1.

1.00BsicHUTE CYTh METO/Ia U3MEPEHUSI MATHUTHOW BOCTIPUUMYUBOCTH.

2.Hamummre BeIpakeHUs JIJII MATHATHOHN CHJIBI, ICHCTBYIONIEH HA 00pasell, MOMEIIEHHbIH B
HEOJHOPOIHOE MarHMTHOE TOJIE.

3.Kak M0OXHO yOeTUThCS B OJHOPOTHOCTH MM HEOTHOPOJHOCTH MarHUTHOTO TIOJIS B 3a30pe
3JeKTpoMaruura’?



4.Kak npoBepUTh AKCHEPUMEHTAIbHO, BIUAET JIW HAMAarHWYeHHOCTh BECOB Ha PE3yJIbTaThl
M3MEPEHHS] MAarHUTHOW BOCIIPUUMYHUBOCTHU?

Pabora 3.4.2.

1.Kak 00bsICHUTD sIBJIEHUS Mapa- U JUaMarHeTU3Ma ¢ MOJIEKYJIIPHOM TOUKH 3peHUs?

2.Yem oTnmyaroTcs napa- u GeppoMarHeTHKH B OTCYTCTBUE MAarHUTHOTO T1OJIsA?
3.Chopmynupyiite o0mmmii GU3NIEeCKHiA TPUHITHI, OOBICHSIONIUHN SIBICHUE AHaMarHeTU3Ma.
4.KadgecTBeHHO n300pa3uTe Ha onHOM rpaduke B(H) nns napa-, mua- u peppoMarHeTuka.
5.Kakoil BKk/ajg B MarHUTHYIO BOCIPHMMYHBOCTH 0Opa3la BHOCHT IPOBOJUMOCTH T'aJI0JH-
HusA? Kak cBsi3aH 3TOT BKJIaJ C pa3MEpPOM KPYIHHOK, YaCTOTOM M YAEIbHOH MPOBOJIMMO-
CThI0? 3aBUCHT JIM TOT BKJIAJ] OT Temneparypbl? OLeHUTE 3TOT BKIAJ Ul KPYIMHOK pa3Me-
pom 0,5 Mm.

Pabora 3.4.3.

1.Yem oTnuuaroTcs aTOMBI Mapa- U AUMaMarHeTUKOB [0 MarHUTHBIM XapaKTepUCTUKAM B OT-
CYTCTBHE MarHUTHOTO MOJs?

2.Kak u3MeHsI0TCsl XapaKTepUCTUKH BEIIeCcTBa MpH (ha30BhIX Mepexojax MnepBoro U BTOPOro
pona?

3.Kakue nBa KOHKYpHUPYIOMIMX B3aUMOJEHCTBUS MEXIY aTOMAaMU XapakTepHbI A Qeppo-
MarHMTHOTO BeliecTBa’?

4.Ha ogHoM rpaduike KaueCTBEHHO M300pa3uTe HavyallbHbIC KpHUBbIC HaMarHuuuBaHus B(H)
Uit (heppoMarHeTuka mpu TpéX TemrepaTypax: KOMHATHOU, OoJjiee BBICOKOM U TeMIleparype
BbIllle Touku Kropu. Ykaxure Ha ocu H, TJe JIeKUT 00J1aCTh, COOTBETCTBYIOLIAS YCIOBUSIM
HacTOALIEH paboThI.

Pabora 3.4.4.

1.IToyemy peKOMEHAYETCSI HAYMHATH 00XO]T TIETIH ¢ HAaChIeHus oOpa3ma?

2.HOJ'Iy‘~II/ITe BBIPAXKCHUC, CBA3BIBAIOIICC OTKIIOHCHHWEC PAMKH TaJIbBAHOMETpPAa U U3MCHCHUC
UHAYKIH 00pasia. [1py kakuxX ycIoBHSX CIIpaBeTMBO 3TO COOTHOIICHUE?

3.ITonp3ysich TeOpEMOH O MUPKYISAIUH, MTOIyIUTe POPMYITY sl HAPSHKEHHOCTH MarHUTHO-
'O TIOJIS B JUIMHHOM COJICHOHJIE.

Pa6ota 3.4.5.

1. ITpu kakoit ¢popme 006pa3LoB, MOMELUIEHHBIX B OTHOPOIHOE MAarHUTHOE T0JIe, UX HaMarHu-
YEHHOCTh MIOCTOSIHHA 10 BceMy 00BbEMY?

2. ITouemy ni1st HaOMIOAEHUS MIETJIM TUCTEPE3Uca UCIOIB3YIOTCS 00pa3libl B BUJE TOPA, a HE B
BUJIE CTEPKHS?

3. Iouemy mpu KaIMOPOBKE TOPU3OHTAIBLHON OCH OocIuIiorpada HeoOX0IUMO OTKIIOYaTh
HaMarHM4YMBAIOIIyI0 0OMOTKY?

4. OneHure MOrpenIHoOCTb, KOTOpask BO3HUKAET MPU U3MEPEHUN MHIYKIUU B, ecliu u3Mepu-
TeJIbHAs KaTyIIKa HEIUIOTHO HaJleTa Ha oOpasell; Hampumep, eciu o0pasell 3aHUMaeT BCero
MIOJIOBUHY OXBaThIBAEMOM €10 TUIOIIA/IH.

Pabora 3.4.6.

1.ITonyuute ycnoBue BO30yxkaeHHs Kojebanuil (3), Korja MHIYKTUBHOCTh MEHSIETCS IO
rapMOHHYECKOMY 3aKOHY:

L =LO[1 — m sin(2w0t)].

Hanummre 3akoH n3MeHeHus Toka, BO30y>KJIaeMOoro B KOHTYpeE.



2.Ilouemy B HamieM ciiydae WHIYKTUBHOCTb MPOMOPIHMOHAIbHA TU(QEpeHIInaIbHON Mar-
HUTHOW IPOHUIIAEMOCTH ?

3.Hapucyiite kauecTBeHHbIH rpaduk 3aBUCUMOCTH 4 11} OT BETMYUHBI TIOAMArHUYUBAIOIIIE-
ro TOKa JiIsl NeTJIM TUCTepe3nca, n300paxk€HHON Ha puc. 1.

4.Ha xakux emé yactorax (B MPUHIIUIIE) MOTYT BO30YKIaThCsl KOJIeOaHUs B KOHTYpE IMmapa-
METpOHA MpHU OOJIBIINX U3MEHEHUSX UHAYKTHBHOCTH?

Pazpen 5.

1.ITpu kakux yciIoBHUSX BO3HUKAET Ta3oBbld pa3psan? OT KakuMX IapaMeTpoB ra3a 3aBUCUT
NOTEHLIMAJ 3a)KUTaHUs Ta30BOT0 pa3psa?

2.Ilonw3ysce kpuBoi [lamena (puc. 5.5), onpenenuTe HANPSHKEHHOCTD HIIEKTPUYECKOTO T0-
JIs1, TPU KOTOPOM MPOUCXOAUT Mpo00ii BO3ayXa Mpu aTMOC(HEPHOM JaBIICHHUH.

3.UTo Takoe nebaeBCKUi pagnyc SKpaHUPOBAHUS?

4.]laiiTe onpeeneHne NOHATHS I1a3Ma.

5.Ilouemy moTeHIMaN 30Ha, MOTPYXKEHHOTO B IJIA3My U OTKIOYEHHOTO OT UCTOYHHUKA IHU-
TaHUsl, OKa3bIBAECTCSA OTIMYHBIM OT MOTEHLIMAIA OKPYXKAIOIIeH MIa3Mbl?

6.YeMm ompezensercs BeIMUMHA 30HI0BOTO TOKA HACBIICHUS?

7.YeMm ompezensercs TeMIepaTypa JeKTPOHOB U HOHOB B IL1a3me?

Pabora 3.5.3.

1.Kakue konebaHus HA3bIBAIOTCS PeIaKCAIUOHHBIMU?

2.0T KakuX mapaMeTpoB ra3a 3aBUCUT HaNpsHKEHUE 3aKUTaHUS CTa0UIIOBOJIbTA?

3.Ilouemy HampsHKEHHUE ralIeHHs CYIIECTBEHHO MEHbIIE HAMPSIKEHUS 3QKUTaHus?

4.Kak 1o BoJIbT-aMIIEpHOM XapaKTEpUCTUKE CTA0MIIOBOJIbTA U U3BECTHBIM IIapaMeTpam reHe-
paTopa HallTH TOK B JIaMII€ B CTALIUOHAPHOM pexUMeE?

5.YTo Takoe KpUTHUECKOE CONPOTUBIIEHHUE peslakcalluoOHHOro reneparopa? OT yero oHo 3a-
BHUCHT?

6.ITloueMy KpUTHYECKOE COTPOTUBIICHNE 3aBUCUT OT BEIWYMHBI Hanpspkenus: U Ha Bxoje Te-
Heparopa? Paccmorpute puc. 3.

7.ITouemy mipu Masioit EMKOCTH KoJieOaHUsI HE BO3HUKAIOT (JlTaMIia HE TacHET) Jaxe mpu R >
Rxp? Onenure «ManocTb» EMKOCTH, CPABHUB BPEMsI PEJIAKCALIUU U BPEMsI IEMOHU3ALIH.

Pabora 3.6.1.

1.Hapucyiite cnextpsl F(w):

a) OECKOHEYHO JJTMHHOW CUHYCOUIBI;

0) cuHyCOUABl KOHEUHO JITHBL;

B) NMEPUOANYECKON MOCIIEJ0BATEILHOCTH IYTOB;

I') HEPUOJINYECKOI MOCIe10BaTEIbHOCTH MPSIMOYTOJIBHBIX UMITYJIbCOB;

1) OHOTO ITyTa;

€) OJIHOTO MPSIMOYTOJIBHOTO UMITYJIbCA.

2.Kak m3MeHHTCS CHEKTp MEePHOAMYECKON MOCIIEOBATEIBHOCTU MPSAMOYTOJBHBIX UMITYJb-
COB, €cM yOpaTh KaKAblii BTOpoi uMIynbc? Kak BBIMIAIUT CHEKTP, €CIIU MOBTOPATH ITY
IpoIeypy, OKa He OCTaHETCS OJIMH UMITYJIbC?

3.Haiinute crekTp cuHycOMJaNbHBIX KoJjeOaHHWH, MOIYJIMpPOBAaHHBIX 1o Qaze: f{t) = Ao
cos{wt + m cos Qt), cauras M << 1. CpaBHHUTE CO CIIEKTPOM CHHYCOUJIbI, MOIYJIUPOBAHHOM
10 aMIUTUTY/IE.

PaGora 4.1.1.

1.TTokaxxuTe, 94TO €CIIM PACCTOSHUE MEKAY MPEAMETOM M dKpaHOM mpeBbimiaeT 4f, To n300-
paKeHHEe Ha SKpaHe MOXKET OBITh TOJTYICHO MPH JIBYX PA3THMYHBIX MOJOKEHHSX JINH3BL.



2.0numuTe MeTOANKY U3MEpeHHs (POKYCHBIX PACCTOSHUI OTpULIATEIbHBIX JIMH3.

3.[laiite ompezneneHus INIaBHBIX (OKYCOB, (POKYCHBIX PACCTOSIHUW M TJIABHBIX IJIOCKOCTEH
CJI0’KHOM EHTPUPOBAHHON ONTHYECKON CUCTEMBI.

4.0Onpenenute rpaguUecK MOJI0KEHNE TTIABHBIX TNIOCKOCTEH CHCTEMBI, COCTOAIICH U3 ABYX
TOHKHX JIMH3 — COOMpAroIeil U pacCenBaroLIeH, - C N3BECTHBIMU (DOKYCHBIMH PACCTOSHUSI-
MU U PaCCTOSHUEM MEXy HUMH.

5.Maiite onpenenenus chepruuecKoil 1 XpoMaTHIeCKOH abeppanuil.

6.00mscHUTE, TOYeMy chepuyeckas abeppalusi 3aBUCHT OT TOTO, KAKOW CTOPOHOH IIIOCKO-
BBINYKJIasl JIMH3a 00palieHa K UCTOYHUKY.

Pabora 4.1.2.

1.C xakoil LeNblo NP UCCICIOBAaHUHM MOJIENICH TEJIECKONOB U MHKPOCKOIA UCIIOIB3yeTCsI
JIOTIOJTHUTEIIbHASL 3pUTeIbHast TpyOa?

2.Yemy paBHBI NIONIEPEYHOE, YTIIOBOE U MPOAOIBHOE YBEIHUCHHS TEJICCKOIA, €CIIH MePEIHNE
(bOKyCHBIE PACCTOSTHHS €r0 00OBbEKTUBA M OKYJIsIpa PaBHBI COOTBETCTBEHHO f1 = 40 cm u f2 =
—2 cm?

3.I1pu KakOM YCIIOBHH YIIIOBOE YBEIMYCHHUE MUKPOCKOIIA PABHO TIONIEPEYHOMY?

4.BoiBenute hopmyny (4) U OOBSICHUTE COOTBETCTBYIOLIUN METOJ M3MEPEHUS YBEITUYCHUS
MHUKPOCKOIIA.

Pabora 4.1.3.

1.Yro Ha3bIBaeTCS NOJHBIM BHYTPEHHUM OTpakKeHUEM?

2.J1nst wero rpanu ab u ed npusm P1 u P2 nenaroT MaTOBBIMHU?

3.Ilpu KakuX YCIIOBHSIX CIIOHM KHIKOCTH MEXIY MCCIEAYeMbIM TBEPABIM 00pa3oM U MpH3-
Moii P2 He BiusieT Ha M3MEPEHHOE 3HAYCHUE TI0KA3aTeINs IPEIOMIICHUS?

4.YTo Ha3pIBaeTCAd aTOMHOW M MOJIEKYsipHOU pedpakuueit? Chopmynupyiite mpaBuio ai-
JTUTUBHOCTHU JJIs1 pePpaKIIMid.

Pabora 4.2.1.

1.ITouemy B neHTpe Kojen HploToHa B OTpaXXEHHOM CBETE PaCIOIOKEHO TEMHOE MATHO?
2.Kak pacnonosxeHsl koibiia HploTOHaA B poxojisiieM ceere?

3.Ilouemy mmpuHa Kosel| yObIBaeT ¢ yBeIMYEHUEM Hopsiika?

4 Tlouemy mpu pacuére MHTEp(EPEHIIMOHHONW KAapTHUHBI HE YUUTHIBAIOT OTPaXKEHHE OT Iie-
penHeil (T10CKoi) MOBEPXHOCTH JTHH3BI?

5.BeiBeniute (opmyiy, CBSA3BIBAIOIIYIO MEpHUOJ OMEHUl, BBIpAXKEHHBIH B UYMCIE KOJIEIl, C
JUIMHAMU BOJIH CIIEKTPAJIbHBIX JTMHHMH.

6.IToueMy BHIHOCTH KOJICI[ YBEIMYHMBACTCS TpH NuadparMHpPOBAHWHU ITydKa IEpe] OTaK-
WJUTIOMUHATOPOM?

7.Ilouemy uHTEphEpPEHIINOHHBIE KOJIbIIa OOJBIINX HOMEPOB KaXKyTCsl pa3MbIThIMU?



Pabora 4.2.2.

1.Ilouemy mnactunku P1 u P2 untepdepomerpa KameHa IOKHBI OBITH TOCTaTOYHO TOJI-
cThIMH (HEe MeHee 2-3 cMm)?

2.MOryT 11 3T IJIACTUHKU CHJIBHO OTIMYAThCS MO TOIIIUHE?

3.00BsicHUTE, TTOYEMY YBEIMYMBACTCS YHCIO HAOJIOJaeMbIX WHTEP(EPEHIIMOHHBIX MOJIOC,
€CIIM Ha MyTH JIy4eil U3 OCBETUTEIISI yCTAaHOBJICH CBETO(UIBTP.

Pabora 4.2.3.

1.00BsicHUTE, TTOYEMY MPU MOOYEPETHOM TMEepeKphIBaHUU Iene D nHabmomaemas nudpak-
[IUOHHAs KAPTHHA HE CMEIIAeTCsl.

2.IToueMy mmMprHa 1mEIH S KOIIMMATOpa JODKHA OBITh TOCTATOYHO Majoi? OLeHuTe Mak-
CHUMaJIbHBIN pa3Mep ITOH IIENH, €CIIH U3BECTHBI (POKYC KOJUIMMATOPA U PACCTOSTHHE MEXIY
HICTISIMH.

3.byner nu HaOmonatTbes 4€TKasi HyJeBas IMOJIOCA, €CIIM UCCIENyeMOe BEIIECTBO 00JanaeT
3aMeTHOM nucnepcueit n = n(4)? Cnenaiite COOTBETCTBYIOIINE OLIEHKH.

Pabora 4.2.4.

1.C kakoi CKOPOCTBIO IBMXKETCS KapTHHA MHTEPPEPEHIIMOHHBIX MOJIOC MPU NEepeMeIeHUH
MOJABUKHOTO 3epKaja?

2.Yewm orpannveHa HanOOIbIIas ¥ HAMMEHBIIAsE CKOPOCTH JBMKEHHS 3€pKajia, KOTOPhIE MO-
T'yT OBITh U3MEPEHBI B HAIlIEH YCTAaHOBKE MO JOIJIEPOBCKOMY CMEILIEHUIO YaCTOTHI?

3.Yem ormpenensercss TOYHOCTh B M3MEPEHHUHN [UTMHBI BOJIHKI Jla3zepa? Kak aTa TOYHOCTD 3aBH-
CHUT OT CKOPOCTH NepeMeleHus 3epKana?

4. Kakyro ¢popMy UMEIOT MHTEPPEPEHIIMOHHBIE MOJIOCH IPU MPOU3BOJIBHOM PACIIONIOKEHUH
UCTOYHUKOB S1 u S27

Pabora 4.2.5.

1. Kak cBs3aHbl MeX 1y cO00H (PyHKIIMU KOT€PEHTHOCTH ¥ KOHTPACTHOCTH N300pakeHuil?
2.Kak nu3MepuTh AIMHY KOT€pEHTHOCTH, PAaNyC KOT€pEeHTHOCTH?
3.KakoB KIIJl anekTprueckoil JaMIibl HaKalUBaHUs, UCIIOIb3YEMOM I OCBeLeHUs?
4.Kak 3aBUCHUT paJlyC KOT€pPEHTHOCTH OT IIUPUHBI ONTUYECKON LIETH U PACCTOSHUS OT Ilie-
JIM 10 BXOAHOMH MJI0CKOCTH UHTEpdepomeTpa’?
5.Kak u3meHuTcs uncino HabIoaaeMbIX HHTEPPEPEHIIMOHHBIX MOJIOC, €CIH MEXAY TJ1a30M U
MHUKPOCKOIIOM YCTaHOBUTH ONTUYECKUNA HUIbTP?

Pabora 4.2.6.
1.Kak BO3HHMKaeT CHEKI-CTPYKTypa U 4eM OHa oTimuaercs ot audpakmuu dpayarodepa Ha



MEJKOU ceTke?

2.Ilpu xakux ycnoBusax OyneT HaOIIOAAThCS CIEKJI-KapTUHA MPH OTPaKEHUH OT IIEPOXOBa-
TOM MOBEPXHOCTU?

3.Kak 3aBucur panmyc Koppernsuuu (pazoBOro MHOXKHUTENS OT XapaKTEPUCTHK MAaTOBOMW IO-
BEPXHOCTH, MTOKa3aTes MPEeIOMIICHUS MaTepraa?

4.Yem onpenernsercs AJIMHA BEKTOpa |En| U yroJ ero moBopora Ha puc. 77

5.Yto Takoe paguyc MHIUKATPUCHI PACCESIHUS U OT YETrO OH 3aBUCHUT?

6.Kak ncnoip30BaTh TUCTOrpaMMy KaMephl Jist €€ HaCTPOUKH?

7.Habroanocs Jiu B ONBITE HApyIIEHUE YCIOBUS (eip) = (07

Pabora 4.3.1. 3ydenue audpakiuu cBera.

1. O6bsicuute, nouemy npu qudpaxiun OpeHens Ha KPYTJIOM OTBEPCTUH B LIEHTPE
KapTunsl, MoxeT ObITh, Kak TEMHOE, TaK U CBETJIOE MATHO, a MpU AU(paKkIUU Ha
NPEMSITCTBUU _ KPYTJIOM SKpaHe _ MSATHO Bceraa ceerioe (msaTHo [lyaccona).

2. O0BscHHTE, TTOYEMY CMeleHHe e S2 B 00KOBOM HAaIpaBJICHUH B YCTAHOBKE Ha

puc. 3 HEe IPUBOJUT K CABUTY TU(PAKIMOHHON KapTHHBI. byneT nmu cmemarses

KapTUHa TU(GPaKIUU MPU CMEIIEHUY 11edu S2 B0 OCH YCTaHOBKU?

3. lonyuute popmyny ajig pacrnpeaeneHus HHTEHCUBHOCTHU npu audpakuuun OpayHrodepa
Ha JIBYX IIEJSX.

4. BeiBenute Gopmyny (8). Ha nmpumepe pazmbiTust UHTEPPEPEHIMOHHON KaPTUHBI

IIPU [IUPOKOM UCTOYHUKE OOBSICHUTE, YTO TAKOE MPOCTPAHCTBEHHAS! KOT€PEHTHOCTb.

5.Kak cBsizana BUIHOCTh UHTEP(EPEHIIMOHHON KapTUHBI ¢ TPOCTPAHCTBEHHOI KOTE€PEHTHO-
CTBIO UCTOYHMKA? UeM oTinryaroTcs rpaduKe BUIHOCTH P TUCKPETHOM

¥ HENPEPHIBHOM M3MEHEHHH IapamMeTpoB ucTouHuka? To ke i BpeMEHHOW KOTEePEHTHO-
CTH.

6.Chopmymnupyiite Teopemy babune.

Pabota 4.3.2. ludpakuus cBeTa Ha yabTpa3ByKOBOM BOJIHE

KoHTpoJIbHBIE BOIIPOCHI

1. I[ToxaxwuTe, 4TO MEPUOJ AKYCTHUECKON PEHIETKU COBMAJAET C JUIMHOM Oeryiei
yJIbTPa3ByKOBOM BOJHBI KaK B ciyyae Oeryniux, Tak U B cllydae CTOSYMX BOJIH.

[Toxaxwure, uto popmyna (4) cripaBeasiuBa i 000K NEPUOUUECKON PEIIETKH,
HE3aBUCHMO OT TOTO, SIBJISIETCS JI OHA aMIIUTYIHOM MM (ha30BOM.

2.Kak n3mMeHsieTcs BO BpeMEHU MHTEHCUBHOCTH CBETA B AU(PAKIIMOHHBIX MaKCUMyMax pa3-
HOTO NOpsi/iKa MpU AU(paKIK cBeTa Ha OETYIIUX U Ha CTOSIYUX YIbTPa3BYKOBBIX BOJHAX?
3.B uém orinumne MeToa TEMHOTO TOJIs OT MeToa (pa30BOro KOHTpacra?

4.ChopmynupyiTe IKCIEPUMEHTAIBHBIN KPUTEPUI TOTO, YTO aKyCTHUECKasi peIIéTKa sSBis-
eTcs YucTo (ha30BOM.

Pabota 4.3.3.MccnenoBanue pasperaromieid CiocoOHOCTH MUKpOCKoma MeTozioM A0Ge
KoHTposbHbIE BOIPOCH!

1. KakoMy yCJIOBUIO JOJKHO YJOBIETBOPSITH PACCTOSHUE MEXAY CETKOM U DKPAHOM,

4yT0OBI HA 3KpaHe Haboaanach qudpakiunonHas kaptuna Opaynrodepa?

2. [louemy npu HaOMIOAEHUH TU(PAKIUU Ha YAaIEHHOM SKpaHe Tu(paKknOHHbIE
MaKCHUMYMBI B CITydae KPYITHBIX CETOK TIEPEKPHIBAIOTCS?

3. TloueMy mpeameT pacmojiaraeTcsi BOMM3HM TepeaHe (OKaTbHON IIIOCKOCTH OOBEKTHBA
MUKpockoma?

4. IloyeMy TIpH CMEIICHUU CETKU B TIONIEPEYHOM HAIPABICHUU TIEPBUYHOE H300paKCHHUE HE



MEHSIETCs], @ BTOPUUHOE cMelaercs?

5.Kakoii nmpocTpaHCTBEHHBINH (HUIBTP CIETyeT PACHOI0KHUTh B 3aAHEN (POKATHHOM
IUIOCKOCTH 00BbEKTHBA, YTOOBI MOIYYUTh B IIIOCKOCTU P2 n3o0paskeHue ceTku

C YMCHBILICHHBIMH B J[Ba pa3a JMHEHHBIMH pa3MepaMu siueek?

Pabora 4.3.4. Meton npeobpaxenus Oypbe B ONTHKE

KoHTpoJIbHBIE BOIIPOCHI

1. Kak cBsi3aHbl MeXx 1y cO00M M300paXkeHus1, HabIroaeMble B miiockoctsx P1,P2?

2. Yro 0011ero Mexay CIeKTpoM OJMHOYHOH IEIH U CHEKTPOM MEePHOANIECKON MOCIe10Ba-
TEJIBLHOCTH IlIeJIel TaKOM e IMUPUHBI?

3. Kax cBsi3aHbl MeXy COOOH MMpPHHA ILENH U IUpUHA e€ criekTpa?

4. B pabore nabmogaercs kaptuHa audpaxmun Opaynropepa Ha ceTke. Kakue mapamerpsl
CETKH MOKHO ONpPEAEIUTh 0 ATOM KapTHHE?

5. Yro ob1ero 1 4eM OTIMYAIOTCS CIEKTPBI, oOpasyrouuecs npu auppaxkuun Opaynrodepa
Ha IIeJIU U Ha BoJjioce?

Pabora 4.3.5. M3yuenue ronorpaMmel

KoHTponbHbIe BOIPOCHI

1. B yeM cXOJCTBO M pa3iauyue TroJIOrpaMMbl TOYEYHOTO MCTOUYHHKA U 30HHOM IUIACTUHKH
®penens, pororpaduu kosern HproToHa?

2. UTo u3MEHUTCS B M300paKEHUH TOJIOTPaMMBbl TOUEYHOTO MCTOYHMKA, HAOJII01aeMOro 1o
cxeme, n300paxEHHON Ha puC. 1, ecau YCTpaHUTh Toue4HbIN HcTOoUHHUK O'l,

nomecTuB B (pokyc nuH3bI JI HeOOIbIION HePO3payHbIid SIKpaH-PUILTP?

3. Kak u3menntcst GoKycHOE pacCTOSHHE TOJIOTPaMMbI TOYEYHOTO HCTOYHHKA, €CIIH

OHa ObLIa TOTy4eHa NP OJHOM JUTMHE BOJHBI, a OCBEIIAETCSI CBETOM C IPYTOi

JUTUHOM BOJTHBI?

4. Yem ompenensieTcss MUHUMAJIbHBINA pa3Mep TOJ0rpaMMbl, IPH KOTOPOM MOXKHO
BOCCTAaHOBUTH M300pakeHue nmpeamera’?

5. Kak uzmensitcss Macitadbl JEHCTBUTEILHOTO U MHUMOTO M300pakeHHH MpeMeTa,

€CJIM TOJIOTPaMMY OCBELIATh PAacXOSAIIeHCs NN CXOALIeCsl BOTHON?

6. Kak 3aBuCHT 1nana3oH YIJoB, IOJ KOTOPbIM MOXKHO paccMaTpuBaTh MHUMOE HM300paxe-
HUE MpPeMETa, OT pa3pelaronieil cnocoOHOCTH (HOTOIMYIBCUH, OT IIUPUHBI

CIEKTpa UCTOYHHUKA cBeTa?

Pabora 4.3.6. ludpaxums cBera Ha MEPUOTUUECKUX CTPYKTYpaxX (CaMOPErpoayKIIHs).
KoHTposbHBIE BOTIPOCHI

1. Ouennre, Ha KAKOM PACCTOSIHUU OT SKpaHa JI0 PEIIETKH BHITOIHIETCS YCIOBUE
mudpakuuu Opaynrodepa.

2. Tlouemy B SKCIIEpUMEHTE MOJYYaeTCs JIUIIb HECKOJIbKO YETKHX PErnpoaylHpPOBAHHBIX
n300paskeHNi pemeéToKk?

3. O0bscHHTE, KaK NOTyYaeTCs BRIpQKEHHE IS HAallpaBJIeHHUs Ha JU(paKInOHHbIE
MaKCHMYMBI.

4. O0bsacHUTE, MOYeMy H300pakeHUE MPOBOJIOYHOM CETKU PENpoylUpyeTcs, a u300paxe-
HHUE O/IMHOYHOHN MPOBOJIOYKH HE PEIPOLYLIUPYETCS.

Pabora 4.4.1. AMmintynHas AMQpaKkMOHHAs penieTKa

KoHTpoJibHBIE BOITPOCHI

1. laiiTe onpezeneHue CIeKTPaIbHbIX XapaKTEPUCTUK TUPPAKIIMOHHOMN PEIIETKHU.
2. Chopmynupyiite kpurepuii Pernes.



3. Kak MeHAI0TCS yIJIOBbIE XapaKTEPUCTUKU CHEKTPOB IPU M3MEHEHHM NEPHOAA PEIIETKH,
pa3Mepa mTpuxa, pazMepa Bcel peréTku?

4. MOXHO 1M TI0 CHEKTPY PTYTHOHW JaMIIbl ONPEACITUTh B BAaIlUX ONBITAX JUCIIEPCHOHHYIO
o0nacts?

5. Kakue gusnueckue u TeXHUUECKUE IPUUNHBI OMIPEEIISIOT YuCiIo 3 PeKTuBHO
paboTaronux MTPUXOB JUPPAKIIMOHHON PEHIETKH OOJIBIIOro pa3mepa?

Pabora 4.4.2. ®a3oBas nudpakimoHHAs pEIIeTKA.

KoHTpoJIbHBIE BOIIPOCHI

1. JaiiTe onpeneneHus: COEKTPaIbHbIX XapaKTEPUCTHUK IIENIETTA.

2. B 4eM 3akirovaercs MperuMyIIeCcTBO JIISNIETTa MO0 CPABHEHUIO ¢ aMIUTUTYAHON AU paKIu-
OHHOM permeéTKOn?

3. Kakoil aneMeHT crieKTpaibHOro nmpudopa: s1IeNeTT, TOHHOMEeTp, Ban ria3 (4yBcTBUTENb-
HOCTb, OCTPOTA 3pEHHs) _ OKa3aJl HauOoJbIlIee BIUSHUE HA TOUHOCTD

OIICHKH pa3periaronieil CnocooHOCTH?

4. HapucyiiTe npyHIMIINAIBHYIO ONITHYECKYIO CXEMY YCTAHOBKH ISl ONPEAEIICHUS

pabouero mopsKa dIIeNneTTa U ero padouei ATUHBI BOJIHEIL.

5. Hapucyiite kaueCTBEHHYIO 3aBUCUMOCTh MHTEHCUBHOTH OT YIJIa U3JIy4€HUS B

JanbHeW 30He Uit pabodeld AUHBI BOJHBIL. DIIENeTT paboTaeT B aBTOKOJUTUMAIMOHHOM pe-
KUME.

Pabora 4.4.3. V3yuenue npu3Mbl C IOMOIIbIO TOHHOMETPA.

KoHTpoJIbHBIE BOIIPOCHI

1. [aiiTe ompeneneHue CHEKTPaIbHbIX XapaKTEPUCTUK Ipu3Mbl. YeMy paBHa €€ nucrepcu-
OHHas 00J1acTh?

2. BriBeiuTe COOTHOILIEHUE, CBSA3BIBAIOLIEE YTOJl HAMMEHbILEr0 OTKJIOHEHUS U 3HAUYE€HHUE T10-
Kas3aTels NpeIOMIICHHUS.

3. JlaiiTe kauecTBEHHOE OOBSICHEHHE 3aBUCUMOCTH TIOKa3aTelIs IPEJIOMIICHUS CTEKIa

OT JUIMHBI BOJIHBI B ONITHYECKOM JIMAIIa30HE.

4. OueHnTe MaKCUMAaJIbHBIN 1Iar aMIUTUTYAHON PEIETKH, IPU KOTOPOM €€ yriioBas
JUcnepcus B 1-M mopsiike CpaBHUMA C YIJIOBOM AUCIIEpCHen Bamen npus3Mel. Jiis

ATOrO 1Iara OLIEHUTE pa3Mep PElETKU, IPU KOTOpoH e€ paspelaronias CnocoOHOCTh B 1-M
HOpsi/IKE CIIEKTPa CPaBHUMA C pa3pelaromieid CriocOOHOCThIO MPU3MBI.

Pabota 4.4.4. Untepdepomerp dadpu-Ilepo

KoHTposbHbIE BOIPOCH

1. Maiite onpeneneHus U npuBeanTe GOpMyIbl pacuéTa CEeKTPAIbHBIX XapaKTEPUCTHK MH-
teppepomerpa dabpu-Ilepo.

2. Ecnu Obl KENTHIE TMHUM PTYTH ObUIH HE Y3KUMHU, a IEpEKPhIBAIN APYT IpyTa,

T.e. UMenu mHpHHY 21 A, TO MOXXHO JIM MCCIeI0BaTh TAaKOM CIIEKTp BalllUM HMHTEpdepo-
MeTpom?

3. OueHnTe MUHUMAIBHBIN JHAMETp 3epKajl UHTephEepoMeTpa, MPH KOTOPOM pa3peraeTcs
KENTHIN 1y0eT HAaTpusl.

4. OneHnTe IUTEIHHOCTh UMITYJIbCA U3TYYCHUSI HATPUEBOH JIaMITBI, TPH KOTOPOI
uHTepdepomeTp He pazpenaet KENTHI 1yomner. [ aToro ciryyast oneHHTe IMyTh,

KOTOPBIH MPOXOJIUT CBET BHYTPU UHTEp(PepoMeTpa, CpaBHUTE €ro ¢ 6a30il uHTephepoMeTpa.

Pa6ota 4.5.1. I'enuii-HEOHOBBIH J1azep.



KoHTponbHbIE BOTPOCHI

1. IToyemy He ynaércs noayduTh Oonbliero ycuiaeHus B Tpyoke He—Ne-nazepa mytém
YBEJIMUYEHUS Pa3psIHOTO TOKa?

2. 3a4eM OKOUIKH B JIa3€PHOI TpyOKe MPHUKIICEHBI TI0J] YTIIOM H IT0YeMy Hapy>KHbIC
MOBEPXHOCTH OKOIIEK CMOTPST BHU3, @ HE BBEPX MJIM BOOK?

3. 3auem B J1azepHOi TpyOKe K paboueMy BEIIECTBY — HEOHY JT00ABIISICTCS TeINiA?

4. 3aueM OCYIIECTBIIAECTCS MOAYJIALMA [Ty4Ka U3MEPSEMOT0 U3IY4EHHsI U MOKHO JIN
000iTHCH 0€3 MOYIISALIUY B JAHHOW yCTaHOBKE?

Pabora 4.5.2. UaTepdepeHIus 1a3epHOro U3IydeHusl.

KoHTpoJIbHBIE BOIIPOCHI

1. OOBsicHUTE IPUHITUTT ACHCTBUSA pomba DpeHnens.

2. YeMy paBHa BUIHOCTh UHTEP(PEPEHIIMOHHOMN KapTUHBI UHTEPPEPUPYIOLIUX BOIH
OJIMHAKOBOM MHTEHCUBHOCTH, €CJIM O/IHA BOJIHA UMEET IIOCKYIO MOJISIPU3ALINIO, a
JIpyrasi Kpyropyro?

3. Kak usmensiercst kpuast V2(€) npu yMEHbIICHUH U TIPH YBEIUYECHUHN PACCTOSHUS
MEX]y 3€pKajlaMy ONITUYECKOTO pe3oHaTopa jazepa?

4. U3 xakux cooOpakeHUH cleayeT BbIOMpaTh LIMPUHY BXOAHOHN wIienu (OTONPUEMHOTO
ycTpoicTBa?

5. Kak BoIrnaauT 3aBUCUMOCTD V(€) nist O{HOM MOJBI; AJist ABYX MOJ?

Pa6ora 4.5.3. Ckanupyromuii uHTEphepoMeTp.

KoHTpoJIbHBIE BOIIPOCHI

1. OObsAcHUTE OCHOBHBIEC MPOLECCHI, TPUBOJISAIINE K TOSBICHUIO HHBEPCHON 3aCEIIEHHOCTH
YPOBHEW HEOHA.

2. Iloyemy mockonapaiebHble TUIACTHHKH, 3aKPBIBAIOIIHNE C TOPILIOB pabodyro
TPYOKY C TelInii-HEOHOBOM CMEChI0, YCTaHABIUBAIOT 0T yIiioM bproctepa?

3. Yto takoe mozpl? [lomyunte popmyiy (2) 11st MEXKMOJIOBOTO PACCTOSIHHUS.

4. B uém cocTouT ycnoBue Bo30yXaeHus Jiazepa?

5. BeiBenute popmyny (6) anis pazpemaroiieil CmocoOHOCTH HHTEpepoMeTpa
®abpu-Ilepo.

6. Kak paboraer nonspusainmonHas pa3Bsszka?

7.I1pu xakoiil nuHe pezonaropa He—Ne-nasepa, He3aBUCUMO OT YPOBHS HaKauKH,
reHepanus BO3MOXHa He 0oJiee yeM Ha OJJHOM Moe (0JJHOMOIOBBII Jazep)?

Pab6ota 4.6.1 UnTepdepeHuns 3J1eKTpOMarHuTHBIX BOJIH MUJUIMMETPOBOTO AMAINa30Ha.
KoHTponbHbIE BOIIPOCHI

1. BeiBeaure cootHomeHue (1).

2. Kak yOenutbes Ha OIBITE, YTO JIEKTPOMArHUTHAs BOJHA, W3JydaeMasi nmepeaaroleil an-
TEHHOW, TMHEWHO NOJIsIpU30BaHa’?

3. Kak sKcrneprMeHTalbHO ONpEeAETUTh HalpaBieHHe KoJeOaHU BEKTOpa 3JIEKTPUYECKOro
0JIs1 B 2JIEKTPOMAarHuTHOW BOJIHE?

4. B uém 3akimrouaeTcs 3aKoH Maitoca ¥ Kak €ro 3KCIIEpUMEHTaIbHO IIPOBEPUTH?

5. Ilpu kakux ycIoBUSX MOXKHO HabO01aTh HHTEphepeHno OM-BoaH?

6. OueHuTe JUIMHY U paJilyCc KOTEPEHTHOCTH ISl OIBITA C 3€PKAJIOM M PEIIETKOM.

7. YKaxuTe BO3MOXHbIE IPUUUHBI PACXO0XK/IEHUSI U3MEPEHHBIX B pab0oTe BEJIMYMH

JIpYT ¢ APYTOM U C U3BECTHBIMU 3HAYEHUSMHU 3THX BEIHUHUH.



PaGota 4.6.2. TyHHEeNTMpOBaHNE MUJUTMMETPOBBIX PAIHOBOJIH.

KoHTponbHbIE BOIIPOCHI

1. Kakoii yros Ha3bIBaeTCsl IPEAEIbHBIM YTJIOM [IOJIHOIO BHYTPEHHETO OTPAXKEHUS?

Uemy oH paBeH?

2. Yro takoe HeoHOpoaAHas BosiHa? Kak HampaBieH BekTop YMoBa—lloliHTuHra B

TaKOW BOJIHE U TIOYeMy?

3. B 4em 3axitouaeTcs sBJIEHUE TYHHEIUPOBaHUs BoJH? UeM OTIMYaeTcsi 3TO SIBJIEHHUE OT
OOBIYHOTO MPOXO0K/ICHUS BOJIH YEPE3 TOHKUE NPO3PAYHBIE IIACTUHKU?

4. KakoBbI BO3MOKHBIE IPUYHMHBI PACXOXKICHUS H3MEPEHHBIX B Pa0OTE BETUUUH APYT

C IPYTOM U C TaOJINYHBIMH 3HAYCHUSMU 3TUX BEITHUUH?

Pa6ota 4.7.1. JIBoitHOE TyuyenpenoMiecHuE.

KoHnTponbHbie Bopochl

1. Kak cBsi3anbl Mmexxy co6oit Bektopsl D u E B anuzorponHoii cpeze?

2. Kak HampaBieHa onTHYeCcKast OCh B OJJTHOOCHOM KpPUCTaJlJIe OTHOCUTEIHHO TJIaBHBIX
OCel AITUTICOU A TUAIEKTPUUECKUX MMPOHULIAEMOCTEN?

3. JlaiiTe onpeaeneHue riIaBHbIX MOKa3aTeNne MpeIoMIICHHS.

4. IIpuBeauTte npumep, KOrja BoJIHA, PACIPOCTPAHSIONIASCS B KPUCTAJLIE, SIBISETCS
OOBIKHOBEHHOMN U KOTJ]a HEOOBIKHOBEHHOI.

5. Momyuute u3 (1) npubnuxéHHoe BoipaxeHue (2).

6. Kak snexTpoMarauTHas Teopusi OOBSCHSET MOSBICHUE IBYX MPETOMIEHHBIX BOJH
MPU MaJICHUH MJIOCKON BOJIHBI HAa MTOBEPXHOCTh OJTHOOCHOTO KpucTaia?

7. Kak 3aBUCHT mOKa3aTenpb MpeIoMIICHUsI OOBIKHOBEHHOW U HEOOBIKHOBEHHOM BOJIHBI
OT yrJjia MEX/y OCbI0 KPUCTaJUIa U BOJIHOBOM HOpMajbio?

8. Kak Oyner 3aBHceTh MmoOKa3aTellb MPEJIOMIICHHS Ui OOBIKHOBEHHOW M HEOOBIKHOBEHHOMN
BOJIHBI OT yTJIa TIPEJIOMIICHUS, €CJIA OCh KpHCTaiia OyeT napasuienbHa

OCH BpallleHUs IPU3MBbI?

9. Kak nampaBneHsl BeKTOpHI E B BEIXOANINX U3 TPU3MBI JTydax?

Pa6ota 4.7.2. DddexT Iokkenbca

KoHTpoJIbHBIE BOIIPOCHI

1. MoxHo nu Habmonath 3¢ dext [lokkenbca B xuakocTu?

2. Iloyemy npu noBopoTe aHanu3aropa Ha 90° UHTepPepeHIIMOHHAs KapTHHA Ha

HKpaHe MEHSETCs ¢ IO3UTHBA Ha HETaTUB?

3. Yro Takoe momyBonHOBOE HanpspkeHrne U_/2? Kak OHO 3aBHCHUT OT JUTHHBI BOJHBI A?

4. TTouemy nipu U = 12U_/2 nonsipu3aliiusi Ha BBIXO/IE U3 KpHCTALIa KPYroBas?

5. OueHuTe OTHOCUTEIBHOE U3MEHEHHUE MOKa3aTels MPeloOMIIEHHUs JaHHOIO KpHUCcTaliia Mpu
nogaye Hanpsokerus U = U_/2.

6. Beiseure popmyiy (5).

Pa6ora 4.7.3. Ionstpuzamus

KoHTponbHbIE BONIPOCHI

1. ITokaxkuTe, 4TO NMPH BBINOJIHEHUH YCIIOBUA bprocTepa oTpakE€HHBIN U IPETOMIIEHHBIN J1y-
YU B3aMMHO NEPIIECHINKYJIISPHBI.

2. Kak oTIIMYNATE CBET € MPABOM U C JIEBOW KPYTOBOM MOJISIpU3anuei?

3. Henonsipn3oBaHHBIN CBET IPOXOAUT YEPE3 ABOSKONPETOMIIAIONIYIO IIJIACTUHKY

M4. YTo MOKHO CKa3aTh O MOJISPU3AIUN CBETA HA BBIXOJIC U3 IUIACTUHKH?

4. Kak OTJIM4MTh €CTECTBEHHBIN CBET OT CBETA, MOJIIPU30BAHHOTO IO KPYT'Yy, U OT



CMECH €CTECTBEHHOTO CBETA CO CBETOM, MOJISIPU30BAHHBIM 110 KPyTy?

5. OObsicHUTE W3MEHEHHs] UHTCHCUBHOCTH U 1[BETa, HAOJIO/IaeMbI€ B OMBITaX MO WHTEpde-
PEHLIUU NOJISIPU30BAHHBIX JIy4eH.

6. [Touemy cBeT OT BeuepHero Heba MoIApU30BaH?

Pabora 4.7.4. BpaiueHue 110CKOCTH MOJISIPU3aLIUN.

KoHTpoJIbHBIE BOIIPOCHI

1. B uém 3akrogyaercs OTJIMYME ONTHYECKONH aKTUBHOCTH OT IBOMHOTO JTy4elpeIoMIIeHUs?
2. Kak o0bsicasier Teopust @peHens moBopoT IIOCKOCTH MOJIIPU3AUN B ONTHYECKU
AaKTHUBHBIX BelIeCTBax?

3. Yrto Ha3bIBAIOT y/EIbHBIM BpallleHHEM?

4. Kak pabotaet nosnspuzannonHas npuzma Huxomns?

5. Onuummre NpUHIMI YCTPOICTBA U pabOThI NOJISPUMETPA.

6.IIpu uccnenoBaHMM MarHUTHOTO BPALICHMs INIOCKOCTH NOJIAPU3ALMU HHOT 1A IIPU

MEHSIIOT YCTPOHCTBA ¢ MHOTOKPATHBIM MPOXO0’KACHUEM CBETa B 00paslie B HAlPaBJIECHUH 110 U
IPOTUB MarHUTHOTO Nojst. OOBsICHUTE, TOYEMY B 3TOM ciaydae 3((HeKTIoBOpOTa MIOCKOCTH
NOJIIPU3aLMU HAKAIUIUBAETCS.

Pa6ora 1.1

JKCNepUMEHTAJIbHAS NMPOBEPKa ypaBHeHusi JilHIITelHA 151 GorodddexTa U onpenele-
HHe nocrosinHou Iliianka.

1.Yto takoe BHemHu HoTorddext? 3anumuTte U 00bSICHUTE ypaBHEHUE DHHIITEHHA.

2.Kakne (akTbl CBUAETENBCTBYIOT O HAIWYMH Y (DOTORIEKTPOHOB HAYAIBHOW KHHETHYECKON
SHepruun?

3.ITouemy GOTOIIEKTPOHBI BBIXOAT U3 METAJIA C PA3JIMYHONU CKOPOCThIO? OTYEro M Kak 3aBH-
CUT MaKCHUMallbHasi CKOPOCTh (POTORIEKTPOHOB?

4.0T 4ero u Kak 3aBUCHT MOTOK ()OTODIIEKTPOHOB, T.€. YHCIIO AJIEKTPOHOB, BEIPHIBAEMBIX CBETOM
B €AMHUILY BpeMeHU?

5.Uto Takoe “kpacHas rpanuna”’ ¢potodddexra u OT Uero oHa 3aBUCUT?

6.1300pa3uTte oOmuii BU BOJIBTAMIIEPHON XapaKTePUCTHKHU (HOTOIIEMEHTa U OOBICHUTE Xapak-
TEPUCTUKH (HOTORIEMEHTA, B TOM yucie 1 3aBucuMocTtb [(U) B o6mactu 0OpaTHBIX HapsHKEHUH
U > 0. Yro Takoe 3aaepxuBaroiiuii morennuan Uo u 4em ompesensercs ero 3HaueHue mnpu 3a-
JIaHHOH YacToTe cBeTa?

7.3anumuTe BHIpaKEHUE 33/I€PKUBAIONIET0 MOoTeHIHana Uo OT IIUHBI BOJTHBI A It (hoTOd(h-
dekTa B ciiydae GoTokaroja ¢ paboToil BeIxoaa A.

8.M300pa3ute cemMeiicTBO BOJIBTAMIIEPHBIX XapaKTEPUCTUK (POTORIEMEHTA MPU OOTYYEHHH €ro
CBETOM ITOCTOSIHHOM MHTeHCcHuBHOCTH I ¥ ¢ yactotamu vI = v 0, v2 =2v 0, v3 = 3v 0, tae v0 -
4acTOTa, COOTBETCTBYIOIIAs KpacHOi rpanure Gotorddexra.

9.M300pa3ute rpaduK 3aBUCUMOCTH 3a/I€P’KUBAIOMIECTO MOTEHIMAla OT YaCTOThI 00y4YaroIero
cBeta. Kak o stomy rpaduky onpenenuts noctosHuyro [lnanka h?

10.Kak mo rpaduxy 3aBucumocti UO(V) MOXKHO TMOKa3aTh, YTO IPU YaCTOTaX OOIyYaroIIero
cseta v < v0 ¢porodhdekt HeBo3MOKEH?

11.Yewm onpenensieTcs 3HaUCHUE TOKA HACHITIICHUS /,, TP 3aJJaHHON MHTEHCUBHOCTH CBeTa?
12.M300pa3ute ceMeicTBO BOJIBTAMIIEPHBIX XapaKTEPUCTUK (POTOIIEMEHTA IpU 0OITyUYEeHUU CBe-
TOM TTOCTOSTHHOM 4acTOTHI v ¢ mHTeHcuBHOCcTsSIMA 1\ =1, /2 = 21, /3 = 31.

13. IBa oToaemMeHTa UMEIOT NIEKTPOIbI B (hopMe IMaprka U KOHLIEHTPUIECKOH eMy cdepsl. Y
oJHOTO (poToINEeMeHTa cdepa - (HOTOKATO, a y APYroro - aHoJ. PoToaneMeHTsl 00IydaroTCs
CBETOM C 3aJIaHHOM YacTOTOH V TaK, YTO TOKH HACBIIIEHHs OJWHAKOBBL M300pa3uTe Ha OTHOM
PUCYHKE MPUMEPHBIA BHUJ BOJBTAMIIEPHONW XapaKTEPUCTHKU (OTOAIEMEHTOB M OOBSICHHUTE UX
OTJIMYHE.



14.CornacHo npeCTaBICHUSM KIIACCHYECKON (PU3HMKH CBET - 3TO HEMpPEPhIBHAS SJICKTPOMArHHUT-
Hasl BOJIHA, DJIEKTPUYECKOE T0Jie KOTOPOU B 3aJIaHHOM TOYKE MPOCTPAHCTBA M3MEHSETCS IO 3a-
kony E(t) = EOcos(cot + (p), Tie 10 = 2nv - yacrora cBeta. Mcxoas U3 Takoi TOYKH 3pEHUS, OT-
BETHTE HA CIICAYIONINE BOIPOCHI H COMIOCTABBTE X C OMBITHBIMU JTAHHBIMHU:

*BO3MOXHO JIM B IPUHITUIIC siBJIeHUE (hoTodddhexTa?

*OTYEr0 M KaK JIOJDKHA 3aBUCETh KUHETUYECKasi SHePTHS (POTOITEKTPOHOB?

*0TYEr0 M KaK JIOJKHO 3aBHCETh YMCIIO 3JICKTPOHOB, BHIPBAHHBIX CBETOM B €JIMHUILY BPEMEHU?
*JIOJDKHA JIA CYIECTBOBATh KpacHas rpanuiia porodddexra?

*BO3MOJKEH JIK (0T03(PPEKT IpH 0OUeHb MaJbIX MHTEHCUBHOCTSX 00JIy4aromero ceera?

Pa6ora 1.2

HccaenoBanue 3¢pdexra Komnrona.

1.Kakue nporieccbl B3aUMOJICHCTBUS Y-KBAaHTOB C BEIIECTBOM MPUBOJAAT K OCJIA0JIEHUIO TIepBUY-
HOTO 10TOKa?

2.B yem coctout 3pdext xomnToHOBcKOro paccesuusi? [Ipu kakux sHEprusix /-KBaHTOB ATOT
IpoIecC BHOCUT CYIIECTBEHHBIN BKJIaJ B 0cia0IeHre IEPBUYHOTO MTOTOKA?

3.Kak 3aBuCAT cedeHHs TOMICOHOBCKOTO U KOMIITOHOBCKOTO PacCesHUN OT aTOMHOTO HOMepa
pacceuBatens Z?

4.Vcrionb3ys 3aKOHBI COXpPaHEHHS, MOIyduTe (GOpMyIy, OMHCHIBAIOIIYIO 3aBUCUMOCTH MOTEPU
DHEPTHUU OT yIJia paccesiHus y-KBaHTOB npu dpdexte KomnroHa.

5.I1osicHuTe NPUHIMN IEHCTBUS CIIUHTUUISLIMOHHOTO CIIEKTPOMETpA.

6.0numuTe, Kak mpeodpazyeTcs SHEPrHs MaJaroIIero y-KBaHTa B AJIEKTPUYECKUN UMITYIIBC Ha
BeIxOe DOVY?

7. 111 gero npu u3MepeHusxX 1o B = 0° B KOJUTMMATOP BCTABIISETCS CBUHIIOBAs quadparma?
8.Kak u3BecTHO, (OTOMMK OTJENIEH OT KOMIITOHOBCKOTO PAcHpe/esieHns] y4acTKOM, B KOTOPOM
cyeT CuiIbHO yMeHblIeH. Kak Benuka mupuna storo uurepsaia? [Touemy oH Bo3HUKaET?

Pa6ora 1.3

HN3yueHnue paccessiHUSI MelUICHHBIX 3JIEKTPOHOB Ha atomax (3¢ dexT Pamsayspa).

1.B uem 3akmrouaercs 3¢ ekt Pamzayspa 1 Kak €ro MOXKHO IKCIIEpUMEHTAIbHO HAa0M0aaTh?
2.0xapaKkTepu3yiTe “KIacCCHYECKUi” MEXaHW3M pPACCESHHs JJEKTPOHA HA aTOME M OOBSCHUTE,
KaK U [TI0YEMY JIOJKHA 3aBUCETh BEPOSATHOCTH PACCESIHUSA OT CKOPOCTH JIEKTPOHA B paMKax 3To-
ro noaxoja? KakoBa 3Ta 3aBUCUMOCTh B 1I€MCTBUTEIBHOCTH?

3.B ueM mpuHUIMIHANBHOE OTIMYME KBAaHTOBO- MEXaHMYECKOI'O CIIOCO0a ONMUCAHMS PAcCEesHUs
AJIEKTPOHOB Ha aTOMax OT KJIaCCHYECKOTro crocoba’?

4.B 4yeM cmbIcn cooTHOIIEHUs e bpoitnsa?

5.BeiBenuTe BhIpaskeHUE /1S TIOKa3aTells PesIoOMIIEHUsT aToMa JJis BOJIH Jie bpoitns?
6.Hanummre yciaoBue rameHust OTpaXXeHHbIX OT aToMa BOJIH Jie bpoits.

7.Ilpn kakux KMHETHMYECKHX »Heprusix E Hameraromux Ha aToMbl AJIEKTPOHOB OyneT Habiio-
JIaThCs TalleHye MPOoLIEeAInX BOIH e bpoiina?

8.M300pa3ute BU IKCIIEPUMEHTAIBHON BOJBTAMIIEPHOW XapPaKTEPUCTUKHA THPATPOHA U Teope-
TUYECKOW XapaKTEPUCTUKHU, CIEIYIOIIEH M3 KIACCHYECKOM TEOPHM pacCesHUs JIEKTPOHOB. B
YeM NMpUYHMHA UX pa3audus?

9.Kak no skcnepuMmenTanbHO BAX MOXKHO ONpenenuTh SHEPTHIO AJIEKTPOHOB, NMPH KOTOPOH
nposieisieTcst a¢dext Pamzayspa?

10.06bacHUTE NPOUCXOXKICHUE CHIIBI, JACWCTBYIOLIEH CO CTOPOHBI aToMa Ha MPOJIETAIOLIUI
AIIEKTPOH M U3MEHSIONIEH ero KMHeTUYeCcKyto sHepruto. [louemy 3Ta cuiia He IeHCTBYET 3a Ipe-
neixamMu atoma?

11.06bsicHUTE U3MEHEHNE TTOTCHIIMAIIBHONW SHEPTUH 3JIEKTPOHA TIPH TposieTe dyepe3 atom? YUto
03HA4aeT TEPMUH “NOTEHLUANbHAS AMa’?



12 3anumure ypaBuenue lllpenunrepa ans cioyyas JBUKEHHS AJIEKTPOHA HaJl MOTEHIHMATBHOM
SIMOM U TIOJIY4HTE €ro o0lee pelieHue.

13.Haiigute K03hOUIMEHT MPOXOXKACHUS YaCTHIIBI HAJl MIPSAMOYTOJIbHON MOTEHIIUATBHON SIMOM
(oTHOLIEHUE KBAJPAaTOB aMILIUTY/] POIIEIIIEH U OTPaKEHHOM BOJIH).

14 Tloyemy mokazaHus BOJIbTMETpA HE JAIOT UICTUHHOTO 3HAYEHUS YCKOPSIOLIETO HAPSHKEHUS B
tuparpone? Kak ero onpenenurs?

15.Uem 00BACHUTH HANMYUE HA BOJHTAMIIEPHOW XapaKTEPUCTHKE TOJIBKO OAHOIO MaKCHUMyMma
TOKA, IPOTEKAIOIIETO Yepe3 TUPATPOH?

16.Kaxk crnenyer HanpaBuTh BHEIIHEE MATHUTHOE I10JI€, YTOObI BOJbTaMIIEpHAsi XapaKTepUCTUKA
TUPATPOHA UCKa3ujach HanboJee CUITbHO?

17.Bnuser 11 MarHUTHOE ToJie 3eMJIM Ha BUJ] BOJTAMIIEPHOIN XapaKTEepPUCTUKU TUPATpOHa?
18.Kak mo BOJIbTaMIIEPHON XapaKTEPUCTHKE OMPEAETUTh, KAKUM HHEPTHBIM Ia30M 3aroJIHeH
TUPATPOH?

19./lanHbIC KaKOH XapaKTePUCTHKU (IMHAMHYECKON WM CTAaTHYECKOM) CIIEyeT HCIOIh30BaTh
JUTSI TIOICTAHOBKU B pacueTHyto Gpopmyiy u nouemy?

Pa6ora 2.1

OmnbiT Ppanka-I'epua.

1.IloyeMy ¢ TOYKHM 3peHMsI 3aKOHOB KJIACCHUECKOW (PU3MKE aTOM HE MOXKET ObITh YCTOHYMBOM
cuctemMon?

2.Chopmynupyiite noctyinarsl bopa.

3.ITokaxxuTe MPSIMBIM PACYETOM, YTO B YCIOBHUSAX SKCIIEPUMEHTA MOKHO HE YUUTHIBATH TEILJIOBO-
IO IBUKEHHs aTOMOB T'eJIUs B JIaMII€.

4.Kakue coymapeHusl 4acTULl Ha3bIBAIOTCS aOCOIIOTHO YNPYTMMH, Kakue - HeynpyruMmu? 3amnu-
IIMTE 3aKOH COXPAHEHUs! 3HEPruu JUisl aOCOJIOTHO YHPYIOro M JUlsl HEYNPYroro CoyaapeHHs
JIBYX TelL.

5.IIpu KakoM YCIIOBHM IPOUCXOJAT TOJIBKO YIPYTHe€ CTOJKHOBEHMS C aTOMaMH rasa B JlamIle U
IpY KaKOM YCIIOBHH BO3MOYKHBI HEYIIPYTUE CTOTKHOBEHHUS?

6.ITokaxkuTe MpsIMBIM pacueToM, UTO IIPU PACCMOTPEHUM CTOJIKHOBEHUI 3JIEKTPOHOB C aTOMOM B
JTAaHHOU paboTe MOYKHO HE YUUTHIBATh M3MEHEHNE KMHETUIECKOH SHEPTHH aTOMa KakK IIeJI0TO.
7.HapucyiiTe NpUHIMIIHAIBHYIO 3JEKTPUUYECKYIO CXEMY U3MEPEHHsI BOJIbTaAMIEPHON XapaKTepHu-
CTHKH JIAMITBI B OTIBITE

8.@panka-I'epua B cratnueckoM pexxume. OObsICHUTE Ha3HAUYEHUE JIEMEHTOB CXEMbl U MPHH-
IIUTT ISHCTBUS yCTAHOBKH.

9.To xe B IMHAMHUYECKOM PEKUME.

10.ITokaxxute, yto HaOIrOMaeMas Ha dKpaHe ocuwutorpada KpuBas MPENCTaBIsET COOOH B
onpeaeneHHoM (kakom?) macmtade rpaduk 3asucumoctu [ =1 (U).

11.M300pa3ute U OOBSICHUTE BHUJ BOJBTAMIIEPHOM XapaKTEPUCTUKH JIaMIbl B PEKUME, KOTJa
IPOMCXOIUT BO30YK/IeHHE aTOMOB 3JeKTpoHaMu. [Touemy HabrogaeTcst BTopoil nposan?
12.Yt0 Takoe pe30HAHCHBIN MOTEHITHAI BO30YXICHHUS?

13.Kak oH onpezensercs B JaHHON pabore?

14 Kak MOXHO ONpeJeNIUTh Pe30HAHCHBIN MOTEHIMA aTOMa, €CJIM B 3KCIIEpUMEHTE Ha0Jr01aeT-
Csl TOJIBKO OJIMH MMHHMMYM Ha BOJIbTaMIepHON Xapakrepuctuke? Kakas mpu 3Tom nomyckaercs
cUcTeMaThyeckas omuoka?

15.TTokaxkuTe, Kak Mo pe3yibTaTaM U3MEPEHUs BOJIbTAMIIEPHON XapaKTEPUCTUKU MOXKHO OIpe-
JIEITUTh KOHTAKTHYIO PA3HOCTh IMOTEHIIMATIOB MEXK/1y KaTOJOM U YCKOPSIFOLIEH CETKOM?

16.Yrto Takoe nepBblif HOHU3ALMOHHBIN oTeHIMAN atoma? [Tpu KakoM yCKOPSIOILIEM Harmpsike-
HUH B JIAMIT€ HAYHYT MOSBIISTHCS HOHBI?

17.Yto HyxHO caenaThb, 4TOOBl MEPEBECTU T'eJIMK B JIaMIle B pexuM HoHu3anuu? YTto B 3TOM
clIydae MoKakeT MUKpoammnepmeTp?



Pab6ora 2.2

N3yuyeHnne cnekTpa aToma BOAOpOAA.

1.OxapakrepusyiiTe SHEpreTHYeCKU CHEKTp aToMa BOAOPOAA. B KakuX COCTOSHMSIX 3HEprus
anekTpoHa E < (), a B kakux E > 0? 3anummure Gopmyiy Ui 3HEPTUU TUCKPETHBIX YPOBHEH B
aToMe BOJOPOAA, paccuuTaiiTe o 3Toi (popmyiie S3Hepruo HOHU3ALMH aTOMa BOAOPOAA.
2.ITouemy criekTpbl atoMa nuHeiyarbie? [lomyunrte u3 GopmMyssl Ui SHEPTETHUECKUX YPOBHEH
BOJIOpoJia 00001EeHHY0 GopMmyiny bambmepa u TeopeTnyeckoe BbIpaXK€HHE NOCTOSHHOW Pun-
Oepra.

3.Yrto Takoe cnekTpanbHas cepus? 3anuumre o0yt GopMyiy Uis 4acTOT IPOM3BOJIBHON ce-
pHUH BOJIOPOJIHOTO CIIEKTpa ¢ HOMepoM T. M300pa3uTe xapakTep B3aMMHOTO PACIOIOKECHUS JIU-
HUI cepun Ha LIKaJle JAJIMH BOJIH (T.€. B II0JI€ 3pEHHs OKYJIsIpa MOHOXPOMATOpa).

4 3anummre (GOpMYIIBI A YaCTOT TOJIOBHOM JIMHUM M TPAHUIIBI CEPUH CIEKTPAJIbHOU CEpUU C
HOMepoM 1. PaccumTaiite 3TH 4acTOThI Ui Tpex HepBbIX cepuid. IlepekpbiBatoTcs Jin 3TH ce-
pun?

5.JIuHuM KaKoW cepuM CIIeKTpa aTOMapHOro BOAOPOAAa MOXHO HalmronaTh BU3yanbHO? KakoBo
(TEOpETHYECKH) YHCII0 HAOTIOIaeMbIX JTMHHUN (CYUTATh BUAUMBIC JIUHUU ¢ A > 4 000A4)?
6.1300pa3ute ONTHYECKYIO CXEMY MOHOXPOMATOpa U OOBACHUTE €ro MPUHIIUIT ASHCTBHSL.

7.YUto Ha3biBaeTcs yriioBou aucrnepcueit Dy cnekrpansHoro mpudopa.

8.Yto nokaspiBaeT oOpaTHas quHelHas qucnepcus T? OT 4ero oHa 3aBUCHUT B Cilydae MPU3MEH-
HOTO MOHOXpomaropa?

9.Yto Takoe paspeliaronias cuia CIEKTPaJbHOro Inpubopa M OT Yero OHa 3aBUCHUT B Cilydae
MPU3MEHHOTO MOHOXpoMaTopa?

10.Yto o3HauaeT BBIpAXKEHME: «IBE CIIEKTpaJibHble JHMHUU paspemieHsl? He pasperieHsi?»
Cdhopmynupyiite kputepuii Pasmes.

11.Yto Takoe uzoronuyeckuit ciBur? MoxHO 11 HaOMI0JaTh U30TOMUYECKUM CIBUT JUI CMECU
nevitepusi (\D) u tputust {\T)~ 3T0 Beapb TOT e Bomopoa?

Pabota 2.2a

H3yuyeHnne Mos1eKyJISIPHOTO CIeKTPa iojaa.

1.KakoBa nmpupojia MOJIEKYJISIPHBIX CLIEKTPOB?

2.1300pa3uTe YHEPTETHIECKYIO CXeMY YPaBHEHUH IByXaTOMHOW MOJICKYJIBI.

3.Kakue TUIbI MONEKYISAPHBIX CIIEKTPOB BbI 3HaeTe?

a.K xakoMy TuIly OTHOCUTCS CHEKTP MOTJIOIIEHUSI MOJIEKYJIbI Hoia B BUAUMOM obnactu?
4.Kaxue cepun Ha3biBatoTcs cepusimu Jlenanapa? [louemy B criekTpe moromeHus: HabIro1a0T-
sl TOJIBKO JiBe cepuu [enanapa?

5.Yrto mpencrapisaioT co0oil HyseBas U nepBas cepuu Jlenanapa B crekTpe MorjouieHus oxa?
KakoB o0uiuii Buj criekTpa MorjomeHus B BUIUMON obaacTu?

6.KakoBo sHeprernyeckoe MoyoKeHUe JTUHHUH MOTJIOIIEHUsT HyIeBoil U nepBoit cepuit [enann-
pa?

7.Kakue mapaMeTpsl SHEpPreTUYecKoi CXEeMbl MOJIEKYINbI Ho7ja MOXKHO OINpPENENIUTh MO CIEKTPY
HOMJIOIEHUS?

8.1M300pa3ute ONTHUYECKYIO CXEMY YCTaHOBKH, UCIOJIb3yEeMOW JJIsl MCCIIEOBaHMsI CIIEKTpa Io-
TJIOIIEHUS MTapOB HO/Ia.

9.M300pa3ute NpUHIMIHAIBHYIO cXeMy MOHoXxpomaropa YM-2. Kakum croco6om Brl mocTpo-
WM TPAayHPOBOYHYIO KPUBYIO CIIEKTPAJIbHOTO Iprubopa?

10.0t1 yero 3aBUCHT IIMpUHA HAOIIOJaeMbIX B paboTe JIUHUH norjiomeHus? Kak MOXHO MOBBI-
CUTh KOHTPACTHOCTh HaOJII0JaeMON KapTHUHBI ClIeKTpa?

11./151 yero moAOrpeBaroT UCIIOIB3YEMYIO B 9KCIIEPUMEHTE KIOBETY C Hoom?

12.3aBHCHT JTM 9€TKOCTh M300PAKEHHSI CIIEKTPa OT CTEIIEHH HarpeBa KIOBETHI?



Pa6ora 4.1

OnpenesieHue JHEPruu aJb(a-4acTHIl 10 BeJJUYUHE UX Npoldera B BO3ayXxe.
1.Chopmynupyiite 3akoH 'eiirepa-Haromna. Kakue ¢puszndyeckne mpuuMHBI MPUBOIAT K PE3KOM
3aBHCHMOCTH I€pHO/Jia oJypacnaia OT YHEPTUH a-4acTul?

2.ITodueMy a-CIIEKTpPHI COCTOSIT U3 OTACIBHBIX JIMHUHN, & /[-CTIEKTPBI HEMTPEPHIBHBI?

3.KakoB MexaHM3M B3aUMOJIEHCTBUS TSDKEJIBIX 3apsSKEHHBIX YACTHIl C BELIECTBOM (OOBSICHHUTE
bopMyIty ISl HOHU3AIMOHHBIX TToTeph - AE/dX)?

4.Kaxkasi 3aBUCUMOCTbh HOCUT Ha3BaHue KpuBoii bparra? Kak 3aBucCST HOHU3AIMOHHbBIE TOTEPHU OT
CKOPOCTH YacCTHI], OT CBOMCTB Cpe/bl?

5.B yem paznuune nporeccoB TOPMOKEHHUS @ -HaCTHUIl U 3JICKTPOHOB B BeIlleCTBE?

6.Kak cBsi3aHbl My CO0O0 SHEPTUs a-4acTUIl ¥ UX mpoder?

7.Kakue sxcriepuMeHTalIbHbIe METO/IbI UCTIONB3YIOTCS 111 U3MEPEeHUs Tpodera a-4acTull B raze?
8.Kakoii nCTOYHUK a-M3Ty4CHHs UCIIOJIb3YeTCs B JJaHHOU pabote? Jlns 4ero mpuMeHsoT Tpyo-
YaTble KOJJTUMATOPbI?

9.PazpsicHuTe MPUHIMIBI PabOThl MOHU3AIMOHHON KaMephl, CIUHTWUISIMOHHOTO CUETYHKA U
cuetuymnka [eiirepa. Pacckaxkute 06 ux ycrporictBe. Kak BpiOuparoTcs paboune pexumbl 3TUX
npubopoB? Kak u3MeHseTCsl BeIMYMHA BBIXOJIHOTO CUrHaia cyeryuka ['eiirepa 1 MOHU3aLMOH-
HOM Kamepsl mpu HeOombioM (~50 B) yBennyeHHM MUTAIOLIETO HAMPSIKEHHUS] B OKPECTHOCTH
paboueit Touku?

10.Kakue ¢pusznyueckre BeIMUYMHBI U3MEPSIOTCA B JAHHON paboTe HEMOCPEACTBEHHO?
11.CpaBuute AnuHbI NpOOEroB a-4yacTUll, U3MEPEHHbIE pa3HbIMU MeTolaMU. OLIEHUTE TOUHOCTb
u3Mmepenuil. Kakue cucremMatnieckue ommMOKA BO3MOXHBI JIJIsl KCIIOJIb30BaHHBIX Bamu MeTo10B
U3MEpEeHU (MX BETMYMHBI U UICTOUHUKH)?

Pa6ora 4.2

HcciienoBanue 3HepreTHYecKoro cneKkTpa 0era-4acTui M onpeaeeHne HX MAKCMMAJIbHOI
IHEPIruy NP NOMOILIHA MATHUTHOIO CIIEKTPOMETPA.

1.Kakue gacTHIIbI HCITYCKAIOTCS siapaMu Tipu /3-pacnade? OOBICHUTE, TIOYEMY CIEKTp a-4acTHII,
MCIyCKaeMBbIX sIIpaMH, BCET/Ia TUCKPETEH, a CIEKTP dJEKTPOHOB HempepbiBeH. BriBenute dop-
MYJTy JJISl TUDIOTHOCTH BEPOSITHOCTH TOTO, YTO DJIEKTPOH INpH /3-pacnade 00JIATaeT UMITYIHCOM
Pe.

2.ITokaxwute, 94TO JHEPTUs, MepenaBaeMas NpH /3-pacnade NOYEpHEMY SIpy, OYCHb Mayia IO
CPaBHEHHUIO C YHEPTUEH, YHOCUMO 3JIEKTPOHOM U aHTHHEHUTPUHO.

3.Urto Ha3bIBaecTCS TPaHUIHON YHEPTHEH /3-crieKTpa’?

4.B yeM COCTOUT sIBIEHUE BHYTPEHHEH KOHBEPCHH JIEKTPOHOB?

5.HazoBuTE OCHOBHBIC JIEMEHTHI JKCIICPUMEHTAILHOW YCTAHOBKM M WX Ha3HadeHue. Kakos
MOPUHINI PaObOThl MAarHUTHOTO CIEKTPOMETpPa C MPOJIOIbHBIM MarHUTHBIM nosnem? [loscHuTe
dbopmyny st GOKYCHOTO PACCTOSIHUSI CIIEKTPOMETPA.

6.Yto Ha3pIBaeTCs paspemiaronieil cnocooHocThio (3-cnekTpoMerpa? Otdero oHa 3aBucut? Kax
OTIPENIETTUTh Pa3periaroly0 ClocOOHOCTh pubopa Mo GopMe MUKa IIEKTPOHOB BHYTPEHHEH
KOHBepcuH?

7.Kak pa6otaet cueruuk ['eitirepa? C kakoit 3(pPeKTUBHOCTHIO OH PETHCTPUPYET AJICKTPOHHI C
sHeprueit ~1MaB? Kak ycTpoeHbl 00bIYHbBIE U TOPIEBbIe cueTunku? Kak BIUsSeT TONIIMHA TOp-
[IEBOT'0 OKHA CUETYHMKA Ha DKCIIEPUMEHTAIbHYIO (hopmy /3-criekTpa?

8.00bsSICHUTh KaueCTBEHHO, KaK BIIUAET OCTATOUHBIN ra3 Ha XapaKTEPUCTUKU CrIeKTpoMeTpa?

9.B 4eM COCTOMT TOJTOTOBKA YCTAaHOBKH K M3MepeHHro /3-crickrpa? KakoBa mporeaypa u3me-
penus /3-cnextpa? Kak rpagyupyercst sHepreTudeckas mkasna crekTpomerpa’?

10.Kakune 3KkcriepuMEHTAIbHBIE TOYKH CJIeTyeT UCTOIB30BaTh JIJIs MOCTpOeHUS rpaduka depmu
npu onpeeneHun T 71 Makc ¢



11.KakoBo »HepreTuueckoe paszpemieHue /3-cnekrpomerpa? I[IpoaHanu3upyiTe BO3MOMKHBIE
OMOKH B onpeneNeHuH Tyaxe (CTydalfHbIe M CUCTEMAaTHYECKHUE).

12.0nenure paccrosiuue mexay K- u L-munusamu B /3-criektpe. Kak Oyner BeirsaaeTs Gopma
76-TMHUY TIPU XOPOILEM pa3peuieHun? pH MI0XoM?

Pabora 4.3

N3mepenue adCOIOTHON AKTUBHOCTH Npenapara «Co MeTO0M Y-y COBNAIEHUI.

1.YTo Takoe AUNONbHBIN, KBaJAPYIOIbHBIN, OKTYIIOJIBHBIN IEPEXO0BI B siipax?

2. Kakue KBaHTOBBIEC 3aKOHBI JOJKHBI BBINOIHATHCA MPHU 3JIEKTPOMATHUTHBIX MEepexojax B sI-
pax?

3.UT0 TaKkoe 3IEKTPUUECKU U MarHUTHBIN (HOTOH?

4.C 4yeM cCBsi3aH KacKaJHBIM XapakTep paauoaktuBHOro pacmana 60Co? Kak 3aBucut BeposT-
HOCTb II€pex0/ia OT MYJIbTUIIOJIILHOCTH U3ITyUeHUs?

5.Yro Ha3pIBaeTCs aKTUBHOCTBIO IIpENapara, B Kakiux €AMHUIIAX OHA U3Mepsiercs?

6.00bsICHUTE TPUHIIUIT U3MEPEHHS a0COIFOTHON aKTUBHOCTU METOJIOM - COBIIAJICHUM.

7. OnummTe TpUHIKI PabOThI U YCTPOUCTBO (POTOAIEKTpOHHOTO yMHOXKUTENS (DIY).
8.Pa3psicHuTe, mouemMy OpraHM4ecKHe U HEOPraHMYeCKHE CHUHTHILISTOPHI CUIBHO OTINYAIOTCS
Jpyr OT Ipyra MO YyBCTBUTENBHOCTH K y-TydaMm. OOBSACHUTE MPUHIUI PadOTHl CHUHTHILIALU-
OHHOT'O CUETYHKA.

9.Kak paboraet cxema coBmaieHui? Uto Takoe “paspemraromniee Bpems?

10.3aBucut 11 B JaHHOU paboTe TOYHOCTh U3MEPEHUs a0CONIOTHON aKTUBHOCTHU Iperapara OT
3P PEKTUBHOCTH CYETUHKOB.

Pa6ora 5.1

N3mepenne k03¢ punneHToB 0cjIad/IeHHs MOTOKA Y-JIy4deil B CBUHIIE, Kejle3e U aTIOMUHUM.
OmnpeneneHue 3Hepruyu raMmMa-mu3Jay4eHusl.

1.Yto Takoe “y-uznyuenue” suep?

2. KakoBbl npoliecchl B3aUMOJICHCTBHS y-Ty4el ¢ BeleCTBOM?

3. [Mokaxwure, 9to GoTodPheKT Ha CBOOOTHOM IEKTPOHE HEBO3MOKEH.

4. Vlcrionb3ysl 3aKOHBI COXPaHEHMs, MOIyduTe (GOpMYIy, CBA3BIBAIOLIYIO TIOTEPIO SHEPTUU C YT-
JIOM paccesiHUsl y-KBaHTOB npu 3¢ ¢dexkre KomnToHa.

5.M3MensieTcs 1M sHeprus y-KBaHTOB MPH MPOXOXKICHUU depe3 BeuiecTBo? CpaBHUTE MPOXOXK-
JICHHE y-KBaHTOB Yepe3 CPeAy C MPOX0KIECHUEM 3apsKEHHOW YaCTHIIHI.

6.ITonyuure Gpopmyity, ONMCHIBAIOILYIO OCIIa0J€HHE MOTOKA Y-KBAaHTOB IPHU MPOXOXKAECHUU Cpe-
TTBL.

7.YTo Ha3bIBaeTcs ceueHueM B3aumoieiicTBua? Kak oHO CBsI3aHO ¢ JTMHEHHBIM KO3 PULIEHTOM
oca0ieHns TOTOKa Y-KBaHTOB B cpenie?

8.Kak 3aBucsaT ceuenus gorodpdexra, koMnToH-3pdexra u 0Opa3zoBaHus map OT FHEPrUU Y-
KBAHTOB U OT HOPSAAKOBOro HoMepa Z aTOMOB CpeJibl?

9.0numuTe NpUHIUN paboThl U YCTPOHCTBO (POTOIIEKTPOHHOTO YMHOXHUTENS (DIY).

10. PacckaxkuTe Tpo OpraHMYECKHE M HEOPTaHWYECKHe CHUHTHIUIATOPHL. OTHIIUTE MPHHIUT
paboThl CUMHTUIUIALIMOHHOTO CYETYHKA.

11.0TnmyaroTes M MPOIECChl B3aUMOJICHCTBHS Y-KBaHTOB HCCIIEYEMOTO MCTOYHHKA C BeIle-
cTBOM mornotutens (Harpumep, Al) u ¢ BemectBoM crmaTHILIITOpa Nal(TI)I

12.C kaxoii 1eNbio B JaHHOH paboTe UCTOYHHK M JCTEKTOP M3IYUYCHHUS CHIIBHO YIIAJICHBI IPYT OT
npyra?

13.0nummTe MOPSIIOK NMpoBeNeHUsT u3MepeHuii B padore. Kak ydects apeiid ycranoBku? Kak
ouieHuBaercs Gon?



14 KakoBa cTaTucTUYECKas TOYHOCTh IKCIIEPUMEHTAIbHBIX PE3YyIbTATOB U CKOJIb BEJIUKHU OIINO-
KU, CBsI3aHHbIE ¢ aperdom anmaparypbl. CpaBHUTE pe3yabTaThl Pa3HBIX cepuil u3mepeHui. Jle-
JKUT JIK pa3jinye pe3ysbTaToB B MpeesiaX 0XKH1I1aeMoro?

15. CpaBHuTE MEXIY COOON IKCIIEPUMEHTAIBHO MOJYYEHHBIE BETMYUHBI ITOJTHOTO KOA(PPHUIIHEH-
Ta TOTJIONICHUS y-KBAaHTOB B AI, Fe u Ps ([n]=cm-1 u {ju] = o/cm2). OOBACHUTE MOTy4YECHHBIC
pe3ynbTarhl. OLEHNUTE ¢ X OMOIIBIO PHEPTHUIO y-ITydel, HCITyCKAEMbIX HCTOUHUKOM.

Pa6ora 5.3

OmnpeneneHue IHEPrud raMMa-KBaHTOB € MOMOIILI0 CUMHTH/LISIIHOHHOIO CIIEKTPOMeTpa.
1. Yro takoe y-uznyuenue? KakoBbl 3aKOHBI COXpPaHEHUS IIPU AJIEKTPOMATHUTHBIX MEPEexXoiax B
sanpax?

2.C xakumu 3¢ dexramu cBsizaHO ociabiieHHue MOTOKa )-KBAaHTOB MPHU MPOXOXKACHUU 4Yepe3 Be-
11ecTBO?

3.IlokaxwuTe, uTo PoTOA(HPEKT HEBO3MOKEH Ha CBOOOTHOM IJICKTPOHE.

4.KakoBo pacnpeziefieHHe 3JIEKTPOHOB 0 SHEPruu npu GoTorpdexTe 1 KOMITOHOBCKOM pacce-
SAHUU?

5.Yro Takoe “kpaili KOMOTOHOBCKOIO paccessHus? KakoBa 3Heprus aJIeKTPOHOB IPU KOMIITO-
HOBCKOM paccesiHuM /-KBaHTOB Ha 180°?

6.Yto takoe ceuenue B3anmoneicTBus? Kak 3aBucsar ceuenus potorddexra, komnToH-3pdexra
1 00pa3oBaHMsI Map OT PHEPTUU Y-KBAHTOB U OT MOPSIKOBOrO HOMepa Z aTOMOB CpeJibl?
7.Iloyemy BO MHOTHX sIpax /-MEepeXOpl CIEAYIOT IPYT 3a Apyrom, o0pasys Kackaj, a He IPOuC-
XOIIT “B OJIMH MPBLKOK~ M3 BEPXHEr0 COCTOSIHUA B HIkKHee? KakoBa MyJIbTHIOJIBHOCTh IEpe-
x0710B B rroCo?

8.0mnumuTe NpUHIKI JeHCTBHUS POTOIIEKTPOHHOTO YMHOKHUTENS U €r0 YyCTPOMCTBO.

9.J1nst wero cayxut kpuctaiut Nal(Tl)? ITouemy ncnone3ytot He ynctbie Kpuctauisl Nal, a kpu-
CTaJIJIbl, aKTUBUPOBAHHBIE TaJUTHEM?

10.ITosicauTe IpUHIHUT PabOTHI CHUHTHIUIAIIMOHHOTO CrieKTpoMeTpa. OnuimuTe, Kak mpeoopasy-
€TCsl SHEPTHUA MAJAI0IIeTo /-KBaHTa B AIEKTPUUYECKUN UMITYIbC Ha Bhixoge DDV cnekTpomerpa.
11.Kak BeirsauT auddepeHunanbHblii CIEKTP PaJlO0aKTUBHOTO HMCTOYHHKA, HCIYCKArOIIETo
oJHy /-muHMI0 (Hanpumep, 54Mn ¢ Ey = 0,83 M»sB)? Kakoil Bkjiag B KapTUHY CIIEKTpa BHOCUT
dorordp ekt u KoMOTOH-3PPeKT?

12 Kak MOXXHO yOE€IUTbCS B TOM, YTO M3JIy4€HHE, PETUCTPUPYEMOE JIETEKTOPOM, JIEHCTBUTEIBHO
SIBJISIETCS /-U3TydyeHueM?

13. Kak npokanuOpoBaTh SHEPreTHUECKYIO IIKaTy aMILUTUTYAHOTO aHanu3aropa?

14 . N3menuTtcs mu Buj criektpa 60Co, ecimn BMecto kpuctaia Nal(Tl) ucnonb3oBars oprannye-
CKHH KpucTay?

Pa6ora 6.1

HccnenoBanue pe30HAHCHOIO MOIJIOIIEHUs Y-KBAHTOB (3¢ ekt MeccOayspa).

1.Kakoe simepHOe M3ITydeHHE Ha3bIBAaeTCS y- U3IydeHueM? UeM OHO OTIMYaeTcsl OT PEHTI€HOB-
CKOT'O U3Iy4eHUs?

2.C xakumu 3dexTamMu CBI3aHO ociablieHUe TTOTOKA )-KBAaHTOB IMPHU MPOXOXKIACHUH Yepe3 Be-
11eCTBO?

3.B gem cocTout 3 dekT pe30HaHCHOTO MOTJIomeHus y-ydeii? [Ipn Kakux yClIOBHIX 3TOT -
¢deKT cTaHOBUTCA HAOIO1aeMbIM?

4.Yem onpeenseTcs eCTECTBCHHAS IMUPHHA JTMHUHA TaMMa-H3JTyICHUS?

5.Kak Bnusier noruiep-3¢dext Ha popmy y-THHUAN?

6.YeM ompenensieTcss BEpOSTHOCTh PE30HAHCHOTO IOTJIONIEHUS y-KBaHTOB? B oOmactm kakumx
TEMIEPATyp U SHEPTHi y-KBAaHTOB BO3MOXKHO HaOmoneHue 3gdexra Meccbayspa?

7.Kak BO3HUKACT XUMUYCCKUI CABUT JTUHUMA?



8.Kakoit HICTOYHUK y-KBaHTOB MCIIOJNB3YeTCs B JaHHOM padotre? [IpuBeauTe cxemy ero pacmaja.
Kaxkoe BeniecTBo UCTONIB3yeTCs B KAUECTBE MOTJOTUTEIISA?

9.C kako# LeJTbI0 CHUMAETCS aMIUTUTYIHBIN CIIEKTP UCTOYHMKA u3nydeHus? [louemy mist u3me-
penuii ucrosb3yroT “ronkuit’” kpucram Nal(Tl)?

10.Kak BBIIENSAIOTCS U PETUCTPUPYIOTCS Y-KBAaHTHI ¢ dHepruen Ey - 23,8 kaB2 Kak BeiOupaercs
pabouee “oxHO” muddHepeHIATEHOTO aHaTu3aTopa?

11.3aueM HYXEH MaJIaAUEBbIN QUILTP?

12.B ueM cCOCTOUT METOJI JOTIEPOBCKOTO CABHUTa JIMHUN UCITYCKAHUS U TIOTJIOMICHHUS Y-Tyqeii?
13.B kakoii nocie10BaTeIbHOCTH UCCIENYETCsI CIIEKTP PE30HAHCHOTO MOTJIOMIEHUs ?

14.B ycraHOBKE MOTJIOTUTEIb JBUMKETCS OTHOCUTEIbHO UCTOYHUKA. MOXHO JIU JBUTATh UCTOY-
HUK, OCTaBUB HETIO/IBHKHBIM MOTJIOTUTENh?

15.Cka3biBaercs JiM TOJIIMHA TOTJIOTUTENS Ha IIUPUHE PE30HAHCHOW JIMHUM, U3MEPSEMOM B
SKCIIEpUMEHTE?

16.Kak BAHSIOT MPOIIECCHI MOTIIONMIEHUSI Y-KBAHTOB B TIOTJIOTUTENE BCIIEACTBUE PoTodPdeKTa u
KOMITOH-3(()eKTa Ha BEIMYUHY aMIUTUTY (bl PE30HAHCHOTO (SAEPHOTr0) MOTJIOIEHUS Y-KBAaHTOB
B 3TOM HOTJ0TUTENE?

17.Yto BbI 3HaeTe o npuMeHeHuu dpdexra MeccOayspa B pa3InYHBIX HAYYHBIX U TEXHHUUECKUX
obnactsx?

Paborte1 7.1, 7.2, 7.3

1.KakoB cocTaB epBUYHOT0 KocMuueckoro uznydenusi? [louemy B ero cocraBe HeT HEUTPOHOB?
2.KakoB cocTaB KOCMHYECKOTO M3IYYCHHs y TOBepXHOCTH 3eMin? M3 Kakux 4YacTHIl COCTOST
MSTKasl ¥ )KeCTKass KOMIIOHEHTBI KOCMUYeCKOro u3nydeHus? KakoBo ux mpoucxoxaeHue?
3.Kakumu usmdeckumu mporieccaMu ONPeIesSIOTCs PU MTPOXOKICHUH Yepe3 BEIIECTBO dHEP-
TeTHUYECKHUE MOTEPU YACTHUIl, U3 KOTOPBIX COCTOAT MATKASA U KECTKash KOMIIOHEHTHI U3JIyueHus?
Kaxkue u3 3Tux mporeccoB sSBISIOTCS JOMHUHUPYIOIIUMHE?

4.KauecTBeHHO OOBSCHUTE YIIIOBOE paclpe/eieHne KOCMUYECKHX JTyUeH.

5.00BsACHUTE IPUHITUIIBI pA0OTHI TEJIECKOMA U3 TEUTePOBCKUX (CHMHTWIISIIMOHHBIX ) CUETYUKOB.

4. Kputepun onleHMBaHUA
[To pe3ynbraTam MOATOTOBKH padboTy BhIcTaBisieTcs oT 0 go 10 6amioB cormacHO ypOBHIO TMOJ-
roToBkH cTyAeHTa. Ilo pesynpratam cnaun BeicTaBisercst oT 0 1o 10 6auioB cOrnacHO ypOBHIO
HOATOTOBJICHHOTO OTYETA U 3HAHWHN CTyAeHTa. VI3 mosrydeHHBIX 0anioB 3a Kaxayio paboTy pac-
CUHTBIBAETCS CPEeTHUI Oat

Ornenka Bamnsl
10
OTJINYHO 9
8
7
XOpO1IO 6
5
4
yIIOBJIETBOPUTEIHHO 3
HEYIOBJIETBOPUTEIHHO i

W3 monmydeHHBIX 0a/UIOB 32 KXY pabOTy pacCUMTHIBACTCS CPEAHHI Oaili, KOTOpPBIH ompene-
JIAET OLCHKY 3a 3a4ET.




Ouenka «otan4Ho (10)» BBICTABISIETCSA CTYIEHTY, MOKa3aBIIEMYy BCECTOPOHHHE CHCTEMaTHU3U-
pOBaHHbBIE TITyOOKHE 3HAHUS YUeOHOM MpOrpaMMBI U 3a €€ MpeaesiaMu, a TakKe YMEHUE YBEPEH-
HO NMPUMEHSATH UX Ha MPAKTUKE MPH BBHIIIOJHEHUH U cjaue J1abopaTOpHOM paboTHl.

Ormerka «oTan4aHo (9)» BBICTABISIETCS CTYACHTY, MIOKa3aBIIEMy BCECTOPOHHUE CHCTEMATH3HPO-
BaHHbIE NTyOOKHE 3HaHUS y4eOHOM MPOrpaMMbl U YMEHUE YBEPEHHO IPUMEHSTh UX Ha MPAKTHKE
IIPU PELLIEHUN HECTaHIAPTHBIX 3a]1a4.

Onenka «oTJau4HO (8)» BBICTABIIAETCA CTYACHTY, IOKa3aBIIEMY BCECTOPOHHHE CUCTEMAaTU3UPO-
BaHHbIE NTyOOKME 3HaHUS y4eOHOM TPOrpaMMbl U YMEHUE YBEPEHHO IPUMEHSTh UX Ha MPAKTHUKE
IIPY BBIMOJIHEHUH U cJjaue J1adopaTopHOi paboThl, OJJHAKO JOIYCTUBIIEMY HEKOTOpPbIE HETOYHO-
CTH IIPU OTBETE.

OrneHka «xopouio (7)» BBICTABISIETCS CTY/ACHTY, €CJIH OH MPOAEMOHCTPHPOBAI TBEPJOC 3HAHUE
U yBEpEHHOE NIOHMMaHKHe MaTepuana ydyeOHON MporpaMMbl 1 YMEHHUE CBOOOAHO MIPUMEHSATH (u-
3MYECKHUE 3aKOHBI Ha MPAKTHKE MPH BHITIOJIHEHUH U C/1adye J1a00opaTopHOi paboTHI.

OrmeHka «xopouro (6)» BBICTABISICTCS CTYACHTY, €CJIH OH MPOAEMOHCTPHPOBAI TBEPIOC 3HAHUEC
MarepHuaia yd4eOHOU MporpaMmbl U yMEHHE NMPUMEHATh (PU3NYECKUE 3aKOHbI HA NPAKTUKE IMPH
BBINIOJIHEHUU U cAaue JIabopaTOpHOU paboThl.

Ormenka «xopouro (5)» BBICTABISICTCS CTYACHTY, €CJIH OH MPOAEMOHCTPHPOBAN TBEPIOC 3HAHUEC
U [IOHMMaHHe Marepuana y4eOHOH MporpamMMbl U YMEHUE HNPUMEHATh (U3NYECKHUE 3aKOHBI Ha
NPaKTUKE TPU BHITIOJIHEHUH U caade J1abopaTOpHO paboThl, OTHAKO AOMYCTHII MPH OTBETE PSiJI
rpyOBIX HETOUHOCTEH.

OueHKa «yA0BJIeTBOPHTENbHO (4)» BBICTABISCTCS CTYICHTY, MOKa3aBieMy (parMeHTapHbIH
XapakTep 3HaHWM, TOMYCKABILIEMY HETOYHOCTU B (DOPMYJIMPOBKE OCHOBHBIX 3aKOHOB U 0a30BbIX
HOHATHU, HO MPHU 3TOM IPOJAEMOHCTPUPOBABLIEMY CIIOCOOHOCTDH BBIIIOJHATH OCHOBHBIE 33aJJaHUS
IIPU BBIMOJIHEHUH U cJjaue JIabopaTOpHOU paboThl U BiaJieHHE OCHOBHBIMHU pa3/ielaMH yueOHOU
IpOrpaMMbl, HEOOXOAUMBIMU JJIS TaIbHENIIIEr0 00yUYeHHUs.

OtrieHKa «ya0BJIeTBOPHUTENBLHO (3)» BBICTABISIETCS CTYICHTY, MOKA3aBIIEMY CHJIBHO (pparMeH-
TapHbIM XapakTep 3HaHUM, TOMyCKaBllIeMy I'pyOble OIIMOKU B (hOPMYJIHPOBKE OCHOBHBIX 3aKO-
HOB U 0a30BBIX MOHATHH, HO MPHU 3TOM MPOAEMOHCTPUPOBABIIEMY CIIOCOOHOCTH MIPU 3TOM IpO-
JEMOHCTPHUPOBABLIEMY CIIOCOOHOCTH BBINOJHITH OCHOBHBIE 33/1aHUS MPHU BBIIIOJHEHUU U claue
n1abopaTopHOil pabOTHI U BJIaJEHHE OCHOBHBIMM pa3/ielaMu y4eOHOW MporpaMMmbl, HEOOXOIU-
MBIMHU JUISI JalbHEUIero o0y4eHusl.

Ol1leHKa «HeY/0BJIeTBOPUTEIbHO (2)» WK «HEyT0BJeTBOpUTENLHO (1)» BhICTaBIsICTCS CTY-
JICHTY, KOTOPBIA HE 3HAeT 3HAYUTEIBHYIO YaCTh OCHOBHOT'O COJICpKaHHS POTPaMMBbI, CUCTEMa-
TUYECKH JI0NyCKAeT IrpyOble OIIMOKH Mpu GOPMYIUPOBAHUN OCHOBHBIX (PM3MUYECKUX 3aKOHOB
WM HEe CIT0COOEH KOPPEKTHO MPUMEHSTH (PU3NYECKUe 3aKOHBI JaKe JUIS PEHICHHs TPOCTHIX 3a-
nad.

5. MeToauyeckue MaTepuaJibl, onpeaesiiolue Nnpoueaypbl oleHMBaHUA 3HAHUH, YMEHHId,
HABBIKOB M (MJIM) ONBITA JeSITeJIbHOCTH

3auer B KaKIOM CEMECTPC MMPOBOAUTHCS 110 UTOT'aM TCKYH_ICI‘/’I yCIeBacMOCTU (pe3ynLTaTaM caa-

4yu 1a00paTopHBIX padboT)



