degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: OCHOBBI COBPEMEHHON (PU3HUKH: JTaOOPATOPHBII PAKTUKYM
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa oomeit Gu3nku

Kypc: 3

KBau(pukanus: GakanaBp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
5 (ocennwuil) - luddepeHnpoBaHHblii 3a4€T

6 (Becennwii) - AuddepeHunpoBaHHbIN 3a4eT

AynuropHbIX 4acoB: 90 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 0 yac.
nabopatopusbie 3anaTus: 90 yac.

Camocrostensnas padora: 135 gac.
Bcero gacos: 225, Bcero 3a4. ef.: 5
[Iporpammy cocraBuiu:

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

[Iporpamma obcyxneHa Ha 3aceanuu kKadeapsl oomen ¢pusuku 31.03.2022



AHHOTANMA

B nabGoparopHOM mNpakTHKyMe 1Mo oOmiell (u3MKe CTyIEHTHI BBIOJIHSIOT JabopaTropHbIe pabOTHl MO BCEM
OCHOBHBIM paszjieniaM Kypca oOmeii ¢usukn. B naboparopum kadenpbl MpeACTaBICHO JIOCTATOYHOE
KOJIMYECTBO YCTAHOBOK IO KaXIOMY pasieny Kypca. JlabopaTopHble YCTaHOBKH TPYNIHPYIOTCS MO TeMam
pasnena. Tembl 1aG0OpaTOpHBIX PaOOT OPraHU30BaHbI B MAapIIPYTHI, IO KOTOPHIM IPOBOAUTCS BBIOJIHEHHE
pabot crymenTamu. s kaxmoi 1ab0paTopHON PabOTHI MOATOTOBJICHBI CIICIIHATBHBIC ONMCAHUS: ONMCAHUE
TeMbl pabOoThI, OMHUCAHHE SKCHEPHUMEHTA, MPOBOJMMOIO B Ja0OpPaTOPHOH paboTe M TEXHUYECKOE ONHCAHUE
1a0opaTopHO  yCTaHOBKH. B 1a0OpaTopHOM TpakTHKyMe pacCMaTpUBAIOTCS —KIIFOYEBBIC —ITOHATHUS
IKCTIEPUMEHTAIbHON (PU3UKHU, CTYACHTHI 00Y4atoTCs AIEMEHTapHBIM IKCIIEPUMEHTAIBHBIM METO/IaM, a TaKkKe
HaBBIKaM pabOThI ¢ 00OPYIOBAHKEM.

[IpakTuyeckas padora B 1a0OpaTOPHUH MO3BOJISIET CTYJICHTaM pa3o0parkesi B 0a30BBIX (PM3NYECKUX BOMPOCAX,
0e3 KOTOPBIX HEBO3MOXXHO IITyOOKO€ MOHMMaHHe o0Imei (Gu3uku. [l ycremHoro ocBOeHHs J1abopaToOpHOTo
NpPaKkTHUKyMa CIyIIaTeql0 HEOOXOOMMO BJaaeTh O0a30BBIMM HaBbIKAMU IIPOBEIEHHS HKCIICPUMEHTA,
MOJYYEHHBIMH B IIKOJIE, BJIAJETh OCHOBAMU MaTeMaTHYECKOTO aHalln3a, 3HaTh OCHOBBI JIMHEHHOU anreOpshl,
TEOPHUHU BEPOSITHOCTEH, a TaKkKe MPUMEHATh 3HAHUS, TTOJYyUYCHHBIC HA JIEKIIMOHHBIX M CEMMHAPCKUX 3aHATHUIX
1o obmeit pusmke.

1. leau u 3apauu

eap AUCUMNIMHBI

¢opmupoBanre 0a30BBIX 3HaHWHU MO (U3MKe M yMEHHUs paboTarh B JabopaTopuu Ajsl JaIbHEHIIEro
UCTIONB30BaHUsI B JIPYTUX JUCLUIUIMHAX €CTECTBEHHOHAyYHOTO COJEpXkKaHus; (OpPMUPOBAHUE
KYJBTYpBhl 3KCIIEPHUMEHTA, WCCIICAOBATEIbCKMX HABBIKOB M CHOCOOHOCTH NPHUMEHSTH 3HAaHUS Ha
IIPAKTHUKE.

3anauu QUCHUTNIHHBI
- ¢opmupoBaHue y 00ydaronIuxcsi 0a30BbIX 3HAHUH 10 PU3UKE;

- (QopMmupoBaHUE KyIBTYyphl DKCIIEPUMEHTA: yMeHHe paboTaTh B J1abOparopuu, 3HATh OCHOBHEIC
METO/Ibl SKCIICPIMEHTA, YCTAHABINBATh JIOTHUECKUE CBSI3U MEXK/y TIOHATHSIMH,

- (bOpMI/IpOBaHI/IG YMeHI/Iﬁ U HABLBIKOB IIPUMCHATH MOJYUYCHHBIC 3HAHUA [IJId ITTOCTAHOBKHU
IKCIICPUMCEHTA, CAMOCTOATCIIbHOI'O aHaJIN3a IMOJYUCHHBIX PE3YJILTATOB.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-2 CriocoGen onpenensite Kpyr 3a1a4d B
paMKax MOCTaBJICHHOM LENN U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs], UCXOIS U3
JEHCTBYIOIIUX PABOBBIX HOPM, HMEIOLITHXCSI
PECYPCOB U OTpaHUYEHUIN

VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
3aJad B paMKax  IIOCTaBJIGHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKCHHUE. Omnpenenser
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS IOCTABICHHBIX 33134

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnacty pU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAIBHOMN JIeTeIBHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb MyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOuUTh MareMaTH4YecKue MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLCHKH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJIIH)
TEXHOJIOTMYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3329

OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-5.1 CmocobeH pemars TOCTAaBICHHBIE 33Jlaud B
obnactu TEOPETUUCCKUX u IKCIIEPUMEHTAIbHBIX
HCCIICIOBAHUI U pa3paboToK

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX

HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIC TEOPETUUECKHUE, B TOM YHUCIIC,
MaTeMaTHYECKHE METO/Ibl HCCIIEA0BAHU, U

OIIK-5.2 OO0OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWUU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB




paboTars Ha COBPEMEHHOM dKCIIEPUMEHTAITLHON

OIIK-5.3 CnocobeH k mpodeCCHOHANBHOW JKCIUTyaTaIlluu

[MK-1 Crioco6eH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

Hay4YHO-HCCIICI0BATeIIbCKOM, COBPEMEHHOM 9KCIEPUMEHTAIBHOMN
HU3MEPUTCIIbHO-aHAJIUTUICCKOU U Hay‘-lHO-PICCJ’IeZ[OBaTeJ]LCKOfI
TEXHOJIOTMYECKOI armaparype (M3MEpUTENBHO-aHATUTHYECKOH M TEXHOJIOTUYECKOM)
anmaparypsl
I1IK-1.1 Bnameer  QyHIaMeHTanbHBIMH  TIOHSTHIMH,

3aKOHAMHU U TCOPUAMU COBpeMeHHOﬁ (1)I/I3I/IKI/I

[IK-1.3 Brageer KynpTypoil IOCTAaHOBKM HAyYHOW 3aJlaud U
MOZIEIIMPOBaHUS €CTECTBEHHOHAYUYHBIX OOBEKTOB M CHCTEM

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENH U
ONHCAaHUSI W HCCIEIOBAaHUS MPOLECCOB M SBICHUH B
COOTBETCTBYIOIINX HayYHBIX 00JIaCTIX

I[IK-1.5 Bmameer HaBbikamMu Oe30macHON pabOTHI ¢
COBPEMECHHBIMH  HAy4YHbIMH [pHOOpaMH H  JPYTUM
AKCIIEPUMEHTAIIEHEIM 000pYy/I0BaHUEM

[IK-1.6 3HaeT ocHOBHBIC TpaBWiIa TIOBEJCHUS U pabOTHl B
COBpPEMEHHOH Hay4HO# 1abopaTopun

I[IK-1.7 Cnocoben orneHuBarh TpeOyeMble  pecypchl
(MatepuasbHbIe ¥ BPEMEHHBIC) Ui IUIAHUPOBAHUS H
MPOBEICHUS HAYYHOTO SKCIIEPUMEHTA

[MK-2 CriocobeH aHanu3upoBaTh MOTyUYCHHBIE B
X0JIe HayYHO-HCCIIE0BATENLCKON paOOThI
JIAHHBIC U 1€J1aTh HAyYHBIC BHIBOJIBI
(3aKITrOuCHMS )

I[IK-2.2 YMmeer HaxOIUTh
OTIPECIIAIONINE H3y4yaeMoe SIBICHUE,
YHUCIICHHBIE OIICHKH I10 MOPS/IKY BETHYUHBI

KJIIOYEBbIE  IapaMeTpbl,
U TPOU3BOIUTH

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHOW IpeAMETHOH 00IacTH

[IK-3.1 3naer npuHUMIIBI PabOTHI M JHana3oHbl paboumx
[apaMeTpoB MCIOIb3YEMOT0 HayYHOTO 000pyI0BaHUS

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[IK-4.1 3naer ymncieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

[IK-4.2 3HaeT UCTOYHUKM TIPOMCXOXKACHUS M yMEET
[IPOU3BOIUTH  OLIEHKY  IOTPEIIHOCTH  WU3MEPEHHH U
JIOCTOBEPHOCTH SKCIIEPUMEHTANIBHBIX PE3YIBTATOB

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOJesIei

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HATh!
- METOIMKY IPOBEACHUS SKCIIEPHUMEHTA;
- MeTOoauKy 00pabOTKH MOTYyYEHHBIX Pe3yJbTaToB.
YMETb:
- paboTaTh C COBPEMEHHBIM U3MEPUTEIBHBIM 000PYyI0BaHHEM;
- TMpaBWIBHO 00padaThIBaTh MOIyYCHHBIC SKCIICPUMEHTAIILHBIC JAaHHBIC.
BIIAJICTh!

- HaBbIKaMH pa60TBI C COBpCMCHHBIM U3MCPHUTCIbHBIM O60pyI[OBaHI/IeM;
- OCHOBHBIMH MAaTE€MAaTU4YC€CKUMU UHCTPYMCHTAMHU, XaPAKTCPHbIMU JJI4 3a1a4 MCXaHUKH.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

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

Tema (pazmen) TUCITUTUIHHEL

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

CamocT.

Mowvrroao (Contoancr TTaAAnaT naAnTLT




JAVINLKIXL

—vviriaap o

Jiavvpal. pavvios

pabora

Oddexr Mecbayspa. HccnemnoBanue

! PE30HAHCHOTO IOIVIOIIEHHUS Y KBAHTOB. 4 >

2 Uccnenosanue s¢ddexra Komnrona. 4 5

3 MarHuTHbIE ~ MOMEHT  JIETKUX  sJIep 4 5
/SAMP/.
CrexktpomMeTpusi Y — H3IyYeHHUs C
[IOMOILBIO CLUUHTUJUIILIUOHHOTO

4 cnekrpoMerpa. M3mepenune abcomoTHON 4 5
akTUBHOCTH npenapara Co METOIOM Y —
COBIIAJICHUM.

5 OmnpeneneHne SHEPrUM O YaCTHULl IO 4 5
BeJINYMHE UX Mpolera B BO3IyXe.
W3mepeHne BpeMeHU KU3HU MIOOHOB Ha

6 OCHOBAaHUH YIJIOBOIO  PacCIpEAcIICHUs 4 5
UHTEHCUBHOCTH KOCMUYECKUX JIydeH.
CUMHTWUIALMOHHBIA ~ CYETYHMK  JUIf

7 JIETEKTUPOBAaHHUS KOCMHUYECKOIO 4 5
U3ITyYCHHUS.

] OOcyXaeHne TEeOpPeTHYECKUX BOMPOCOB 4 5
0 MPEIBIIYLIIM TEMaM.

9 Uzyuenue 3aKOHOB TEIUIOBOTO 4 5
U3JIyYEeHHUS.

10 |Dororddekr. 4 5

11 AToM Boziopoza. 4 5

12 |Dddext Pamzayapa. 4 5
Usmepenne koddduumenta ocnabieHUs

|3 |motoxa y-lIyded B BEWIECTBE U 4 5
ompezaeneHue ux sHepruu. Paborta mo
paaroLMOHHON O0€30IaCHOCTH.
HccrnenoBanmne 3HEPreTHUECKOrO CIEKTPa

14  |-gactun u OTIpe/ieNieHre 1704 4 5
MUHUMaJIBHON YHEPTUH.

15 Omneit Opanka-lepma. 4 5

16 3akon Kropu - Beilicca u oOMmeHHOe 3 6
B3auMoOJIciicTBHE B )eppOMarHeTHKax.

17 ONEeKTPOHHBIN MapaMarHuTHHIN 4 7
pE30HaHC.

18 OmnpeneneHue HIMPUHBL  3alPELICHHOM 3 7
30HBI OITYIPOBOAHUKOB.
UccnenoBanue COOCTBEHHOM u

19  |mpumecHoi MIPOBOAMMOCTH B 4 7
MOJTYIIPOBOJHHUKAX.

20 Nsmepenue KOHTAaKTHOH  Pa3HOCTH 3 6
MOTEHIMAJIOB B ITOJYNPOBOIHUKAX.

21 TyHHenupoBaHHUE B MOITYITPOBOAHHUKAX 4 7

22 |IIpoBepka 3akoHa Bunemana-®panma 3 6
W3mepenne BpeMeHHM KH3HH MIOOHA.

23 |UccnenoBanue MOIVIONMIEHUS BTOPHUYHOTO 3 7
KOCMHYECKOTO M3JIy4YeHHs B BELICCTBE

24 OOcyXaeHne TEeOpeTHYECKUX BOMPOCOB 3 7
0 MPEIbIIYLIINM TeMaM

Hroro yacos 90 135

[ToaroroBka k sK3aMeHy

0 gac.




OO01mas TpynoEMKOCTh 225 yac., 5 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 5 (Ocennwii)
1. Db dexr Mecbayapa. MccnenoBanue pe30HaHCHOTO TMOTIONICHHUS Y KBAHTOB.

C moMomip0 MeToJla JOTUIEPOBCKOTO CIBHUTA B MeCCOAyIPOBCKON JIMHUU TIOTJIONICHUST UCCIIEAYETCSI
PE30HAHCHOE TIOIJIONIEHUE -KBAaHTOB, HMCIYCKaeMBIX sapaMu oiioBa. Onpenensiercss IOJOXKCHHE
MaKCHUMyMa pE30HAaHCHOTO TMOMIOIIEHHUS, €ro BENUWYHMHA, a TaKKe JOKCIEpPHMEHTalbHas IIMpUHA
JINHUH.

2. UccnenoBanue s¢dexra KomnroHa.

C nomolpl0 CUMHTHUBIMOHHOIO CHEKTPOMETPa UCCIEAYETCSl SHEPreTHYEeCKUM CIEKTp -KBaHTOB,
paccesiHHbIX Ha rmpaduTe. ONpeAeseTcs] IHEPTUs PACCESIHHBIX -KBAHTOB B 3aBUCHMOCTH OT YIa
paccesiHus, a TAK)KE SHEPrysl IOKOsI YAaCTUIL, Ha KOTOPBIX MPOUCXOAUT KOMITOHOBCKOE paccesHue.

3. MarHuTHBIN MOMEHT JieTKuX sijiep /SIMP/.

MetonoM saepHOr0 MarHUTHOTO pe3oHaHca (IMP) msmepsitorcs g-¢paxTopbl NpoTOHA, AEUTPOHA U
aapa GTopa M BEIYUCISIIOTCS UX MarHUTHBIC MOMEHTBI. Pe3ynbTaTsl CpaBHUBAIOTCS C BBIYUCICHHBIMH
Ha OCHOBE KBAPKOBOM MOJIENIN aIpOHOB U OJHOYACTHYHONW 000JIOUEUHON MOIENH SAep.

4. CnexTpoMeTpus Y — M3IY4YEHHS C MOMOIIBIO CUUHTHIUILSILMOHHOTO crekrpoMerpa. M3mepenue
a0CoMOTHON aKTHBHOCTH Tpenapara Co METOIOM Y — Y COBIIaICHUH.

MertonoM - coBnajeHU wu3MepsieTcss aOcomroTHas akTuBHOCTH mnpenapara Co. [locie storo
OIpEAEIAETCA SHEPTUS ~-KBAHTOB HEU3BECTHOIO PaJIMOAKTUBHOTIO Mpernapara.

5. OnpezleneHI/Ie OHCPIUM O 9aCTHUIl 110 BSJIIMYNHC UX npoGera B BO3yXC.

Usmepsiercst mpoOer -yacTWIl B BO3AYyXE JIByMs CIIOCOOAMH: C TOMOIIBIO TOPIIEBOTO CUETYHKA
leiirepa U CUMHTWIUIALMOHHOTO cYeTuyHka. 1[0 MOIyYeHHBIM BENMYMHAM OIPEACISIETCS SHEPTUs
YaCTHIL.

6. 3MepeHre BpeMEHHU >KU3HU MIOOHOB Ha OCHOBAaHUM YIJIOBOI'O paclpeleleHuss UHTEHCUBHOCTHU
KOCMHUYECKHUX JIy4eH.

C oMol TENEeCKOoNa U3 JByX CLUUHTUIUIATOPOB HM3MEpPsETCs YIJIOBOE paclpeleleHUue KEeCTKOH
KOMITOHEHTBI KOCMHMYECKOTO H3iIydeHHs. Ha OCHOBE NOJIYyYEHHBIX MAaHHBIX OLIEHMBAETCS BpeMs
AKU3HU MIOOHA.

7. CUHMHTWUTSILIUOHHBIA CYETUUK TSI IETEKTUPOBAHUS KOCMHUYECKOTO H3TyUYEeHHUS.

UsmepsieTcss 3aBUCUMOCTD BEPOSTHOCTH OOPa30BaHUs JIMBHEH BTOPMYHBIX 3apsDKEHHBIX YACTHII B
CBHHIIE OT JIyOUHBI ypOBHS HaOMoeHNs (KackaaHas kpusas). [1o pe3yasraram OLeHUBAETCS CPEeIHSI
SHEPrus YaCTHIl B JIMBHE.

8. O0cyx/IeHne TeOPETHUECKUX BOIIPOCOB 110 MPEIbIIYIIIM TEMaM.



[IpoBepsieTcss 3HAaHUE CTYJEHTAaMH OCHOB OOpPabOTKH pE3yJbTaToB AKCIIEPUMEHTOB, METO/IOB
perucTpanuy 4YacTHIl W KOHCTPYKUHMI (oToymMHOXKHTened. [locie 3Toro w3mararoTcss OCHOBHBIE
MOZIEIHM B3aMMOACHCTBHUS H3IYYEHHs C BEIIECTBOM M 3JIEMEHThl (PU3MKM BBICOKHMX IUIOTHOCTEH
SHEPTHUH.

9. N3yueHune 3aKOHOB TEIIOBOTO U3IIYUYECHUSI.

OnTHYeckuM MUPOMETPOM C HCYE3AIOIeHl HUTHIO M TEPMOIAPOW HMCCIEAYeTCs H3JIyueHHe
HaKaJICHHBIX TeJI. B Mozenn abcoIroTHO YepHOTO Tella BRIYMCIISIOTCS 3HaUSHHs MOCTOSHHBIX [Imanka
u Credana-bonbimana.

10. ®ororddekr.

I/ICCHeI[yeTCﬂ 3aBUCHUMOCTb q)OTOTOKa OT BCJIMYMHBI 3aACPKHUBAIOUICTO IOTECHIMAJIa W YaCTOThI
naaaromiero U31y4CHus. Ilo PE3yJIbTaTaM BbIYUCIISICTCA 3HAYCHHUC nocrosHHoM [1naHka.

11. Arom Bozopoaa.

HccnenytoTcst 3aKOHOMEPHOCTH B OINTHYECKOM CHEKTpe aroma Bojopoxa. [lo pesymsratam
BBIYHMCISIFOTCS  MOCTOsSIHHAss PumOepra ans ABYX HW30TONOB, HMX TOTCHIWANBl HOHU3AINH,
M30TONNYECKUE CABUIH JIMHUM.

12. Dpdexr Pamzayspa.

Uccnenyercss sHepreTHdeckas 3aBHCHMOCTb BEPOSITHOCTH pAacCEsSHUS MEJUICHHBIX 3JEKTPOHOB
atroMaMH KceHoHa. Ilo pesynbraram W3MEpPEHMI OLIEHMBAETCS pPAa3MeEp BHEUIHEH 3JEKTPOHHOMN
000JI0UKH aToMa.

13. Uzmepenne koddduimenTa ocnabieHUss MOTOKA Y-ITydeil B BEIIECTBE W OMNpEACICHUE HUX
sHepruu. Pabota 1o pajuonroHHON 0€30MacHOCTH.

C NoMOIIBI0 CHUHTHJUISIUOHHOTO CUETYMKA U3MEPSIOTCS JIMHEHHBIE KOA(PQPUIIMEHTHI OCIa0ICHHS
MOTOKA -JIy4eil B CBUHIIE, Keje3e U almtoMuHuu. [1o pesynbraraM onpenenseTcs: SJHEPrust -KBaHTOB.

14. HCCJ’IGILOB&HHG OHCPICTUUCCKOI'O CIICKTPA -4aCTUIl U OMPCACIICHUC UX MUHUMAaJIbHOHN OHCPIrUuu.

C HOMOIIBI0 MATHUTHOTO CIIEKTPOMETPA UCCIIEAYETCs SHEPreTHUECKUHM CIEKTpP -4aCTHIl IPU pacraze
sanep ue3us. KammOpoBka CrieKTpoMeTpa OCYHIECTBISCTCS MO0 SHEPTUU JJIEKTPOHOB BHYTpPEHHEH
KOHBEPCHH.

15. OnbiT @panka-lepa.

MeTosoM 3JE€KTPOHHOTO BO3OYXKAEHUS HU3MEpsieTCss OSHeprus IEepBOro YpPOBHS aromMa TIenus.
CpaBHHMBAaIOTCS PE3YABTATHI, IOJIyY€HHBIE B IMHAMHYECKOM M CTATHYECKOM PEKHUMAX.

Cemecrtp: 6 (Becennuit)
16. 3akon Kiopu - Beiicca u oOMeHHOE B3auMozeiicTBHE B peppOoMarHeTHKax.

Uccnenyercs TemmeparypHas 3aBUCUMOCTb MAarHUTHOW BOCHPUMMYHBOCTH METAJIIMYECKOTO
raJIONIMHAS B TlapamMarHuTHoU oOmactu (Beime touku Kropu). Ilo m3mepennoit temmneparype Kiopu
OIIEHUBAeTCS YHEPTHst 0OOMEHHOTO B3aUMOJICHCTBUSL.

17. DnexTpoHHBIN MapaMarHUTHBIA Pe30HaHC.

Uccnenyercst DIIP B monekyne J®IIT. Ilo pesymbraram usMmepeHuil ompezensercs g-paxTop
aneKTpoHa U mmpuHa JuHun OI1P.



18. Onpenenenre MHUPUHBI 3aPEIICHHON 30HBI TOTYTIPOBOJHUKOB.

Hccnenyercst TemiieparypHas 3aBUCUMOCTb IIPOBOAMMOCTH ITepMaHus U KpemHus. Ilo pesynsraram
olnpezensaeTcs NNPHHA 3allPEIEHHOM 30HBI M CPaBHUBAIOTCA MTOTPEMIHOCTH TPEX METOMIOB.

19. UccnenoBanue coOCTBEHHON M MPUMECHOM MPOBOJUMOCTH B IOJYIPOBOJAHUKAX.

Uccnenyercst criekrpaibHas 3aBUCUMOCTE (oTtoToka B obpasiax CdS u CdSe ¢ mpumecsMu HOHOB
mernu. [lo pesympraraMm ONpeneNsroTCs MIMPHUHA 3alpEUICHHONW 30HBI MOJYNPOBOIHHKA W DHEPTHS
MOHM3AIMU TIPUMECH.

20. M3mepeHye KOHTaKTHON pa3HOCTH ITOTEHIMAJIOB B I10JYIIPOBOIHUKAX.

W3mepsiercs TemmneparypHasi 3aBUCUMOCTb COIIPOTHBIIEHHUs repMaHueBoro auoza. Ilo pesymsraram
OTIpeeNIAeTCsl KOHTaKTHAs Pa3sHOCTh MOTEHLIUAIOB (p-n)-Tepexoa.

21. TyHHENMpPOBaHHE B MOIYIPOBOJHUKAX

Hccnenyercs TpUHOMN JCWCTBHS TYHHENBHOTO 1uona. lM3mepsiercs ero BOJbT-aMIiepHast
XapaKTEepUCTHKA U ONPEIEIISIFOTCS OCHOBHBIE MTApaMeTphl AUO/A.

22. IIpoBepka 3akoHa Bunemana-®panna

UepbIpeXTOueuyHbIM METOJOM ONPEACISIOTCS KOI((OUIUEHTHl TEIIONPOBOJHOCTH U JIEKTPUYECKas
IIPOBOJUMOCTD TP KOMHAaTHOW TeMIlepaType Al MEAM, JaTyHU, ajJlOMHHUS U AIOPaIbaIOMUHMS.
ITo pe3ynpraram BeIYMCIsAeTCA MOCTOsAHHAA JlopeHna.

23. I/ISMepeHI/Ie BpPCMCHHU KXU3HU MIOOHA. I/ICCJ'IC,I[OBaHI/Ie MOMIOIICHUSA BTOPUYHOI'O KOCMHYCCKOTO
H3JIy4CHUA B BEIICCTBE

C moMoIpI0 TEIEeCKONa M3 JABYX CHUHTHIUIATOPOB HM3MEPSETCS YIVIOBOE PACIpEACICHUE KECTKOM
KOMIIOHEHTBl KOCMHYECKOro u3iydeHus. Ha ocHOBe NONMy4eHHBIX NaHHBIX OLIEHUBAETCA BpeMs
YKU3HU MIOOHA.

N3mepsieTcs 3aBUCUMOCTh BEPOATHOCTH OOpa30BaHMS JIMBHEH BTOPUYHBIX 3apsHKEHHBIX YacTHIl B
CBHUHIIC OT JIyOMHBI ypOBHsI HaOmoneHus (kackaaHas Kpusasi). [1o pe3ynsraTam oLleHUBAETCs CpenHss
SHEprusl 4acTuUll B JIUBHE.

24. O6cyx/IeHue TEOPETHUECKUX BOIPOCOB IO MPEIBIIYIIIM TEMaM

IIpoBepsieTcss 3HAaHUE CTYJEHTAaMH OCHOB OOpPaOOTKH pE3yJbTaToB AKCIIEPUMEHTOB, METO/OB
perucTpanuy 4YacTHIl W KOHCTPYKUHMI (oToymMHOXKHTened. [locie 3Toro w3mararoTcs OCHOBHBIE
MOZEIM B3aUMOACHCTBHS H3IY4EHHsS C BEIIECTBOM M 3JIEMEHTHl (PU3MKM BBICOKHX IUIOTHOCTEH
SHEPTHUH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)



Cemectp: 5 (Ocennwii)

Jlabopatopus 501 JIK.

6.1 UccnenoBanue pe30HaHCHOTO MOMIOINIEeHUs Y-kBaHTOB (3ddext Meccbayapa) -3 ycTaHOBKH.

1.2 Uccnenosanue s> dexra Komnrona — 1 ycranoBkH, 4 yueOHBIX MecCTa.

5.1 Usmepenne koddduirienTa ocnadieHus IOTOKa Y-Ty4ei B BENIeCTBE U ONpeeliCHUE X YHEPTHH -
3 ycTaHOBKH, 6 Y4eOHBIX MECT.

5.1A Pabora no pagnaninoHHOM 6e30MacHOCTH — 6 yIeOHBIX MECT.

4.2 VlccnenoBaHue 3HEPTETHYECKOTO CIIEKTpa [-4acTUI] M ONPENEICHNE NX MAKCUMAIbHOMN SHEPrUH
IIPYU IOMOILY MarHUTHOI'O CIIEKTPOMETPA - 5 YCTaHOBOK.

5.3 CreKTpoMeTpus Y-H3JIyueHHs ¢ TOMOIIBIO CHMHTHIUISIIIOHHOTO CIIEKTpOMETpa — 4 yCTaHOBKH, 4
y4eOHBIX MeCTa.

5.5 KoMnproTepHslil raMMa-CIIEKTPOMETP

4.3 Mamepenue abcooTHON akTUBHOCTH npernapara 60Co MeToZIoM - COBNAJICHUN. — 2 yCTaHOBKH.
4.1 Omnpernenenne 3HEPTUM 0-4aCTHII [I0 BEJIMUYMHE UX MPOoOera B BO3AYXeE - 6 yCTaHOBOK.
Jla6opatopus 502 JIK

2.2 (2.3) UsyueHnue criekTpoB aTOMOB BOAOPOA U Hoaa — 6 yCTaHOBOK.

1.1 Nzyuenue Gotorddekra — 6 ycTaHOBOK.

Jlabopatopus 503 JIK

7.1 3MepeHne BpeMEHU JKU3HU |Ll-ME30HOB Ha OCHOBaHUHM YIVIOBOI'O paclpeieleHnsl MHTEHCUBHOCTH
KOCMUYECKHUX JTy4el - 2 YCTaHOBKH.

7.4 Uccnenopanue NONIOEHUS

10.4 MarautHblif MOMeHT Jierkux siaep (AMP) - 5 ycraHoBok.

7.4A V3yueHune NOMIONMIEHNI KOCMHUYECKOTO H3ITYUYeHHs B CBUHIIE — 3 YCTaHOBKH.

5.3A YcraHOBKa U U3y4YE€HHS] CHUHTHUIALMOHHOTO CUETYMKA — 4 YCTaHOBKU.

Jla6oparopus 325 JIK.

2.1 OmnpiT ®@panka-I'epua 4 ycraHOBKH.

1.3 Dddexr Pamzayspa 4 ycraHOBKH.

10.1 DnexrponHslii napamaruuTHbIN pe3onanc (J11P) 6 ycraHoBoOK.

10.2 HabnrofieHre CBEpXTOHKOTO PaCHICTIICHUS CIIEKTPa 3JICKTPOHHOTO MTapaMarHMTHOTO pe3oHaHca. 8
YCTaHOBOK.

Cemecrtp: 6 (Becennuit)

Tema 1. KBanToBas Teopus Maraerusma

Pa6ora 9.1, x.325 JIK, 9 ycTtanoBOK

3akoH Kropu-Beiica u oOMenHOE B3aumoielicTBie B heppomaraerukax (oopasen — Cd-rajgonnHuii)
Pa6ora 9.2, x.325 JIK, 7 ycTaHOBOK

Habnronenve u n3ydeHre JOMEHHOM CTPYKTYPHI B PeppOMarHUTHOM TUICHKE JKEJI€30- HTTPHUEBOTO
rpaHara

Tema 2 DneKTpOHHBIN NapaMarHUTHBIN pE30HAHC
Patbora 10.1, k.325 JIK, 7 ycTaHOBOK
DNeKTPOHHBINA NapaMarHuTHBIN pe3oHanc (B MI ' quanazone u B I'T'n auanazone)

Tema 3. DHepreTHUecKre 30HbI B TBEPIOM TEJIC

Patbora 11.1, x.325 JIK, 8 ycraHOBOK

OnpenencHue MUPHHBI 3aMPEICHHON 30HbI MOJYNPOBOIHUKA (HA TIOCTOSHHOM TOKE, HA TICPEMEHHOM
TOKE U OECKOHTAKTHBIM METOIOM)

Tema 4. ®otoaddexr
Pa6ora 11.2, x.325 JIK, 6 ycraHOBOK
UccnenoBanme coOCTBEHHOM U TPUMECHOH (HOTOMPOBOIUMOCTH B TIOIYIPOBOAHUKAX

Tema 5. KonTakTHas pa3sHOCTH MOTEHIINATIOB
Pabora 4.3, x.325 JIK, 9 yctaHOBOK
M3mepeHne KOHTAaKTHOM Pa3sHOCTH MOTEHIMAJIOB B IOMYIIPOBOAHUKAX (B TE€PMaHUEBOM JIHOJIE)

Tewma 6. TyHHETBHBIE OB
Pabora 11.5, x.325 JIK, 8 ycraHoBOK
TyHHenupoBaHHe B MPOBOIHUKAX

Tema 7. ®u3uKa BBICOKUX SHEPIUI
Pa6ora 7.1, x.325 JIK, 2 ycraHnoBku
W3mepeHne BpeMeHH KU3HH MIOOHA



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa
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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 P®, Mock. ¢pu3.-texH. uH-T (roc. yH-T .— 3-¢ u3f., 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.
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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. HauanpHbIE TIIaBbl KBaHTOBOM MexaHuKH [ Texct] : [yueb. mocobue s By3or] / H. B. Kapmos, H.
A. Kupnuenko .— M : @uzmarmnut, 2004,2006 .— 360 c.
13. O6mmii kypc puzuku [Teker] : B 5 T. T. 5 : AtomHas u sigepHast Gpuzuka : yued. mocodue st By30B
/ . B. CuByxun .— 2-¢ u3j., crepeorurr. — M : ®mmarnimur : MOTH, 2002, 2006,2008 .— 784 c.
14. JlabopatopHslii mpakTukyMm 1o obmeit pusnke [Texct] : 8 3 T. T. 2 : OnTuka : y4e0. mocodue st
By30B / oz pen. A. B. Makcumbrdesa ; M-Bo oOpa3zoBanus U Hayku PO, Mock. ¢pu3.-TexH. uH-T (Toc.
yH-T) .— M. : MOTH, 2014 .— 446 c.
15. JlabopatopHslii mpakTukyMm 1o obment pusuke [Texcr] : B 3 7. T. 3 : KBanToBas ¢uzuka : yueO.
nocobue s By3oB / @. @. Uromwn, 0. A. Camapckuii, FO. M. [umnentok ; mox pen. FO. M.
Hunenroka ; Mock. ¢u3.-TexH. UH-T (TOC. YH-T) .— 2-€ U3J., ucip. u jon. — M. : duzmarkaura, 2005
—432c.
16. JlabopatopHslii mpakTukyMm 1o obmeit pusnke [Texct] : B 3 T. T. 2 : DneKTpUIecTBO M MATHETU3M !
yue6. mocobue i By3oB / ox pen. A. . Imagyna ; M-Bo obpa3oBanus u Hayku Poc. enepanun,
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20. Kanamuaukos H.I1., CMonabipeB M.A./OcHoBbI pusuku B 2-x Tomax M.-Jlabopatopus 3HaHuiA,
2017

JlononHuTeNbHAS TUTEPATypa
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3. DneMeHTHI PeNATUBUCTCKOM MexaHuku [Tekct] : yue0. mocobue mst By3oB / A. JI. I'magys ; Mock.
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624 c.
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PexomennoBanHas nurepaTypa Jisi CaMOCTOSATEIBHOTO U3yYCHHS.

1. ®usnueckre 0CHOBHI MexaHuKH [TexcT] : yueb. mocobue st By30B / C. O. XailkuH .— 2-¢ u3n.,
ucrp. u gorn. — M. : Hayka, 1971 .— 752 c.
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4. CoBpeMeHHas TepMonrHaMuKa. OT TEIUTOBBIX ABUraTesiel 10 JUCCUIIATUBHBIX CTPYKTYp [Teker] :
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8. dusnueckas ontrka [Tekct] : yueonuk s By3oB / C. A. Axmanos, C. FO. Hukutua .— M :
Nza-8o MI'Y, 2004 .— 656 c.

9. BBezieHHE B KOTEPEHTHYIO ONTHKY 1 Tosorpaduio [ Tekct] : yueOHO-MeToA. Tocodue 1o Kypcy :
Obmas gusuka / coct. C. M. Kozen [u ap.] ; M-Bo obpazosanust PO, Mock. ¢u3.-rexH. uH-T (Toc.
yH-T), Kad. obmieit puzukun .— M. : MOTH, 2000 .— 42 c.

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

11. Jlexknuu o atomuoit 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)

1. http://mipt.ru/education/chair/physics/index.phpCaiit kadeaps! oOmelt puznku
2. http://lib.mipt.ru/catalogue/94/?t=748- snexrponnas 6ubnuoreka dusrexa, pazuen «Duznukay.



3. http://www.physics.ru- 00pa3zoBaTebHbIH CAUTCINEMEHTAPHBIMU CBEICHUSIMH 10 (PH3HKe.
4. http://www.edu.ru- ¢penepanbabiii mopran «Poccuiickoe 00pa3oBaHHE).

5. http://benran.ru-6ubnmoreka Mo ecTeCTBEHHBIM HaykaMm Poccuiickoll akaJieMHUH HayK.

6. http://www.i-exam.ru- eaunsiii nopran MaTepHeT-TecTHpOBaHUS B chpepe 0OpazoBaHUsI.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nannbix xommetotepax ucnosis3ytorcs OC MSWindows, FreeDOS, nporpamma MathCAD, a takxke
porpammsl, pazpaboTaHHbIe TPOrPAMMUCTAMH YIe0HO-METOJUUECKOTO TIeHTpa Kadeaphbl.

B npouecce camocTosATEIbHOM PabOTHI 00YHaIOIMXCs BO3MOXHO UCIIOJIB30BAHUE TAKUX IPOTPAMMHBIX
cpeacts, kak Mathcad, Scilab, Originu np.

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

CryneHT, nu3ydarouuii Kypc oomei GU3nKH, T0JKEH C OIHOM CTOPOHBI, OBJIAIETh OOIUM MOHSATHIHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYYUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.

B Pe3YNbTAaTC U3YUCHUA JUCHUIIJIMHBI CTYJCHT OJOJDKCH 3HATD!:

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENLHOM padoTHl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAJIBHO He0oOXoAMMOE BpeMs s pabOThl CTYyJeHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

- YTEHHE U KOHCIIEKTUPOBAaHHE PEKOMEHOBAHHOMN JIUTEPATYPBI,

- TpopaboTKy y4eOHOro marepuana (1o y4eOHOH W Hay4HOU IuTeparype), MOJroTOBKY OTBETOB Ha
BONPOCHI, MNpENHA3HAUYEHHBIX [UIS CaMOCTOSTEIbHOIO M3YYEHHUS, JI0Ka3aTeJIbCTBO OTACIbHBIX
YTBEPKIECHUM, CBOICTB;

- TOATOTOBKY K An(EpEeHINPOBAHHOMY 3aUETy.

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

[loka3zarenem BiaieHUs] MaTepUANOM CIYXHT yMEHHUE pemiarh 3aaadd. Jias popMupoBaHUS yMEHHS
IPUMEHATh TEOPETHYECKHE 3HAHUS Ha MPAKTHUKE CTYIEHTY HEOOXOIMMO PEelIaTh KaK MOXKHO OoJblie
3agay. [Ipu pemenun 3a1a4 Kaxaoe IeHCTBIE HEOOXOANMO apryMEHTUPOBATh, CChUIAsACh HA U3BECTHHIC
TEOPETUYECKUE CBEICHMS. 3HAUUTEIbHO OOJIETYUTh PELICHHE 3aJa4d MOXKET XOPOILO BBIOIHEHHBIH
YepTeK, €CIM OH COOTBETCTBYET YCIOBHMIO 3agayd (TPSAMOHM YroJ HAapUCOBaH MPSMBIM,
paBHOOEIPEHHBII TPEYrONbHUK - PAaBHOOCIPEHHBIM M T. 1.). IIpy HOATOTOBKE K NPaKTUYECKUM
3aHATUSM HEOOXOIUMO MOBTOPSITH paHee U3yUCHHBIE OCHOBHBIE ONpeAeieHHs, HOPMYITHUPOBKH TEOPEM.
B Hauane 3aHATHS, Kak TpaBuio, NpoBoauTcs kKopoTkud (10-15 MuHYT) ompoc mo marepuany
MPOLICAIINX 3aHATHH B YCTHOM WM mucbMeHHOH (opme. OOBIMHO NPUICPKHUBAIOTCA CIlEAyIOMIEH
CXEMBI: U3y4YEeHHE Marepualia JIeKIMU 110 KOHCIEKTY B TOT K€ JIeHb, KOrJa ObUIa MpOCITyIlaHa JIEeKIUI
(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, MpeIHAa3HAYCHHBIX AJISI CaMOCTOSTEIbHOro miydeHus (1 vac Henenio), MOArOTOBKAa K
MPAaKTUYECKOMY 3aHsATHIO, pemieHue 3amad (1 wac). BakHo M0OUTHCS MOHMMAaHUS HM3y4aeMOro
Marepuaia, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipw 3aTpyaHEHUM W3Y4YEHHS OTACIbHBIX TEM,
BOIIPOCOB, CIIeAyeT oOpamarbcs 3a KOHCYNBTALMSAMHM K JIGKTOPY MM MPENoIaBaTelio, BeaylIeMy
MPAKTUYECKUE 3aHSITHUS.

OO0s13aTenbHBIM TPEOOBAHUEM SIBIIIETCS BBIIOJNIHEHUE JOMAITHUX PabOT, KOTOphIe OQOPMIISIIOTCS B
CHEIHANbHO OTBEAEHHOMN IS 3TOTO TETPAJN U CHCTEMAaTHYECKU CAAIOTCS Ha IPOBEPKY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kageapa obueit pusnku

KYpC: 3

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
5 (ocennwuii) - luddepeHpoBaHHbIH 3a4eT

6 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT
PaspaGorunkm:

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



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B
paMKax OCTaBJICHHOM LENH U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs], UCXOIS U3
JEHCTBYIOIUX PAaBOBBIX HOPM, HUMEIOLITHXCSI
PECYPCOB ¥ OTpaHUYEHUI

VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKEHHUE. Omnpenenser
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS IOCTABICHHBIX 33134

OIIK-1 CniocobeH mpuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeCcCHOHABHOMN JIEeTeTBHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
MPOMU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (M)
TEXHOJIOTHYECKOH MH(OPMAIIUY ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3319

OIIK-4.1 Brnageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a MHGOpMalH{ MpH PELICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTENbCKOM,

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

OIIK-5.2 OOmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWUU HAa OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 CnocobeH k mpodeCCHOHANBHON 3KCILUTyaTalun

COBPEMEHHOMN 3KCIIEPUMEHTAIbHOMN
HU3MEPHUTENBHO-aHATUTUYECKOHN 1 HAYYHO-HMCCIIEI0BATEIBCKON
TEXHOJIOTMYECKOH anmaparype (M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOW)
anmaparypsl
[IK-1.1  Buageer  ¢yHAaMEHTANbHBIMH  MOHATHUSIMH,

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeIMETHOM 001acTH) U (MJIM) TEOPETUICCKHUE
(aHaTMTHYECKIE M IMUTAIMOHHEIC)
HCCIICAOBAHHUS

3aKOHaMHM M TEOPUSIMH COBPEMEHHOH (pHU3HuKH

[IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOU 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CHCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHUA TIPOLIECCOB M SABIECHUN B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

[K-1.5 Bmageer HaBbikamMu 0Oe30MacHONM pabOTBI €
COBPEMEHHBIMH  HAay4YHbIMH  TNPHOOPaMH U JIPYTUM
IKCHEPUMEHTAILHBIM 000pYJ0BaHUEM

[IK-1.6 3HaeT ocHOBHBIC NpaBWiIa MOBEACHUA U PabOTHI B
COBpPEMEHHOH Hay4YHO# abopaTopun

[IK-1.7 Coocoben omeHuBarh TpeOyeMbie pecypchl
(MarepuanbHble ¥ BPEMEHHBIC) [UIA IUIAHUPOBAHUS H
HPOBE/ICHUS] HAyYHOTO SKCIIEPUMEHTA

[1K-2 CnocoGen aHanu3upoOBaTh MOTyYCHHBIE B
X0ZIe HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOUeHMS)

[IK-2.2  VYmeer HaxoouTh  KIIOYEBBIE  MapaMeTpHl,
OIIpEeNeNIAIOIIME HU3yyaeMoe SBJIEHHE, U IIPOU3BOIUTH
YHCJIEHHBIE OLIEHKH IO MOPSIAKY BEIUYHNHBI

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsiiee 000pyaoBaHIE, HHCTPYMEHTHI U
METO/Ibl HCCIJICIOBAHUM JUIs peIlleHHs 3a/1a4 B
n30paHHON MPEeAMETHOM 00IMacTi

[MK-3.1 3naer npuHIHMIILEI PabOTHI M JHANa3oHbl pabounx
napamMeTpoB HCIOIB3YEMOr0 HaAyYHOTO 000py/IOBaHUS

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[1K-4.1 3Haer ynciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISI COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00IacTu

[IK-4.2 3HaeT HCTOYHUKH TPOUCXOXKACHUA U yMeeT
MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN




2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare nzydenus: auciuruinabl « OCHOBBI COBpeMeHHOH (u3nku: naboparopHseiii npakTukyM (KO®D)y»
00yJarouiCs JTOIKEH:

3HATh:
- METOIMKY IPOBEACHUS IKCIIEPHUMEHTA;
- MeTOoauKy 00pabOTKH MOTYYEHHBIX Pe3yJbTaToB.
yMeThb:
- paboTaTh C COBPEMEHHBIM U3MEPUTEIBHBIM 000PYyI0BaHHEM;
- TMpaBWIBHO 00padaThIBaTh MOMYYSHHBIC SKCIICPUMEHTAIILHBIC JaHHBIC.
BJIA/IETh:
- HaBBIKaMU pabOTHI C COBPEMEHHBIM N3MEPUTEIBHBIM 000PYIOBaHUEM;
- OCHOBHBIMH MaT€MaTHYECKUMH HHCTPYMECHTAMH, XapaKTEPHBIMHU JUTS 327124 MEXaHUKH.
3. [lepevyens THNOBBIX (IPUMEPHBIX) BOMPOCOB, 32/1aHMI{, T€M /151 MOATOTOBKHU K TEKYIeMYy KOHTPOJIIO

1.KakoBa npupoa MOJIEKYISIPHBIX CIIEKTPOB?

2.M300pa3uTe SHEPTreTUYECKYI0 CXEMY YPaBHEHHH JIBYXaTOMHON MOJICKYJIBL.

3.Kakue TUIb MOJIEKYIISIPHBIX CIIEKTPOB BBl 3HaeTe?

a.K kakomy THITy OTHOCHUTCS CIIEKTp MOIVIOIIEHHS MOJIEKYIIbI Hofa B BUIUMOI obmacTu?

4.Kakue cepum HaswiBatoTcsi cepusimu Jlemanapa? Ilouemy B cIieKTpe MOMIOUMICHHUS HAOIIOMAIOTCS
TOJNBKO ABE cepun enanmpa?

5.Yrto mpeacraBisior coOoi HyneBas U nepBas cepuu Jenanapa B cnekTpe nomomeHus ona? Kakos
oOIIMi BUJI CTIEKTPA TIOTVIONICHUST B BUAUMOM 00macTu?

6.KakoBo 3HepreTnyeckoe MmojioykeHue JIMHUN TOTIONIEHUS HyIeBO! U TiepBoi cepuii [lemanna-pa?

7.Kakue mapaMeTpsl 3HEPreTHMYECKOM CXeMBl MOJEKYJIbl HoAa MOXKHO OIPENeiInTh IO CIEKTPY
MOIVIOIIECHUA?

8.M300pa3ute ONTHYECKYIO CXEMY YCTaHOBKH, UCIIOJIB3YyEMOMN Il UCCIIEAOBAHMS CIIEKTPa MOIVIOLICHHUS
apoB Hoja.

9.U300pa3ute NMPUHIUNHAIBHYI0 cXeMy MoHoxpomartopa YM-2. Kakum crocobom Bwl moctpowim
IpagyupOBOYHYIO KPUBYIO CIIEKTpaJIbHOTO Ipudopa?

10.0t1 4gero 3aBHCHT IIMpUHA HaOIOHaeMbIX B padore JuHUHA nomionieHns? Kak MOXKHO MOBBI-CHUTb
KOHTPACTHOCTh HAaOJI0aeMOl KapTUHBI CTIEKTpa?

11./17151 4ero moJOrpeBaroT UCIIOIb3YEMYIO B IKCTIEPUMEHTE KIOBETY C HOI0M?

12.3aBUCHUT 71 YETKOCTHh U300paKEHUS CIIEKTPa OT CTETICHN HarpeBa KIOBEThI?

1. O6wscHHTE MPUUYKMHY 00pa30BaHMUS SHEPTETUIECKHUX 30H B TBEP/IOM TEJIe.

2. Kakue BemecTBa Ha3bIBalOTCS MeETaIaMH, MOJYNPOBOJHUKAMH, IudJIeKTpukamu? Yem
OOBSACHSIETCS pa3IMyue MEXAY HUMHU C TOYKH 3PEHUS 30HHOU Teopru?

3. I'me pacnonoxen ypoBerb @epMu B MeTaJIaX U B MOJIyIPOBOIHUKAX ?
4. Kak o0pa3yloTcsi B KpUcTaJljIax JIOKJIbHBIE YHEPTETUUECKUE YPOBHH U IIPUMECHBIE 30HBI?
5. Yewm ompeaensieTcs MIMPUHA Pa3PELICHHON 30HBI M YUCIIO COCTOSIHUM B HEH?

6. Kaxoil ¢ynknuein ompenensercss BEpOSTHOCTb 3allOJHEHHS OHIECKTPOHAMHM YpPOBHEH B 30HE
[IPOBOJMMOCTH U BEPOSITHOCTH IOSIBJIIEHUS IbIPOK B BaJICHTHOM 30HE?

7. [Ipu kakux ycnoBusx pacnpeaenenne PepmMu MoxeT OBITh 3aMEHEHO pacIpenesieHueM
Boneimana? He Oyner nu npu sToM HapymieH npuHiun [laynu? B kakux citydasx MOTyNnpOBOIHUK
Ha3bIBAIOT HEBBIPOXKJICHHBIM, U B KAKUX - BBIPOXKICHHBIM?

8. KakoB MexaHW3M COOCTBEHHOW U MPUMECHON TIPOBOIUMOCTH?

9. Uem 0OBSICHIECTCS PAa3IMYHBIA XOJ] TEMIIEPATYPHON 3aBHCHUMOCTH CONPOTHBIICHHUS Y METAIJIOB U
MOy IPOBOTHUKOB?

10. OOBsicHUTE, YTO TaKOE JBIPKA U IBIPOYHAST IPOBOAMUMOCTH?

11. Yto HazwiBaeTcs 3ddekTuBHONM Maccoil Hocuteneil 3apsma? KakoB (M3MYECKUIl CMBICT 3TOTO
TTOHSTHS?



4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. B gewm 3akiouaercs sBlieHUE BHYTPpEeHHETO PoTOdPPEeKTa B IOTYTPOBOTHUKE?

2. Kakume HocHTeNM TOKa Ha3bIBAIOTCS PAaBHOBECHBIMH W HEpaBHOBECHbIMH? Kakume HOcuTenH
00yCIIOBIHBAIOT OTOMPOBOAUMOCTH?

3. Kakumu akropamu onpeaensieTcsi BeIMUYWHA TEMHOBOTO TOKa?

4. Yro HaspIBaeTcsa KpacHoOU rpanuineit ¢porodddekra? YUem oHa ompenensercs i COOCTBEHHBIX U
MPUMECHBIX TTOJTYTTPOBOIHUKOB?

5. 3aBucur 11 KpacHas rpanuna ¢poro3ddekra ot Temieparypsl oopasua’?
6. OObscHUTE 3aBUCUMOCTH (HOTO3(PPEKTa OT ATUHBI BOJIHBI TaJAIOIIECTO CBETA.
7. OObsACHUTE BIUSHHUE TEMIIEPATyPhl NOIYIPOBOIHHUKA HA €TO ()OTOUYBCTBUTEIBHOCTb.

8. HOFJ'IOH_ICHI/IG CBCTAa MOXCT MW HC MNPUBOAUTH HCMOCPCACTBCHHO K TIIOABJIICHHUIO CBO60,E[HBIX
Hocutenen Toka. HazoBure MexaHU3MBbI (i)OTO&]'ICKTpI/I‘IeCKI/I HCAKTUBHOTI'O IIOTTIOICHHA CBCTA.

9. Yrto Takoe “KBaHTOBLIN BbIXOHd ?

10. Yto Ha3pIBaeTCS BpPEMEHEM >KM3HM HEPABHOBECHBIX HocuTenel Toka? Ha3zoBuTe mexa-HU3MBI
pEeKOMOMHAINH, YMEHBIIAIOUINE BPeMsl )KU3HU HOCUTEIIEH TOKa.

11. Tpocneante 3a COOMIOACHUEM 3aKOHA COXPAHEHUS SHEPIHMH U UMITYJbCA NPH B3aUMO-ICHCTBHU
($OoTOHA C IMEKTPOHOM, IPUBOAIIEM K MEK30HHOMY IEPEXOIY IEKTPOHA.

12. IllupuHa 3amperieHHONW 30HBI MOXKET OBITh ONpEAENiCHa KaK MO CHEKTPajIbHOH 3aBHCHU-MOCTH
¢dororoka (ykazaHHBI METOJ| NMPHUHAT B JaOOpaTOpHO padoTe), TaK M TO CIEKTPY MPOITYyCKAHHUS.
Kakoii u3 3THX MeTOA0B NpeAnouTUTENbHEE?

13.  Tlouemy ¢oToCONpOTHBICHNS HW3TOTABIMBAIOTCA W3 TOHKHX IIOJYIIPOBOAHUKOBBIX ILIE-HOK,
MPOITYCKAIOUINX Yepe3 ce0st 3HAUNTENbHYIO YacTh Ma1al0IIero cBeTa?

14. N3 KakuxX OCHOBHBIX uYacTeil cocTouT JlabopaTopHas yCTaHOBKA JUIS H3Y4YECHUS
¢doronpoBonumoctu? KakoBo nx HazHaueHHe?

15. C xakoii eibio Tepe]] BXOIHOM MIEIhI0 MOHOXPOMATOpa pacnoaramT (JOKyCHUPYIONIYIO TUH3Y?

16. Kakue THbl mepexoqoB HAOMIOMAIOTCA B 00pasIle MONYIPOBOMHUKA TPH TOTIONICHHA KBAHTOB
csera?

1.B yem 3axumouaercs apdexr Pamzayspa 1 kak ero MOXKHO SKCIIEpUMEHTAIILHO HAOII0IaTh?
2.0xapakTepusyire “KIacCHYECKHI” MEXaHU3M PacCesHUs JIEKTPOHA Ha aToMe U OOBSICHUTE, KaK U
[I0YeMY JOJDKHA 3aBUCETh BEPOSATHOCTh PAcCEsHUsL OT CKOPOCTH 3JIEKTPOHA B paMKax 3TO-To moxaxona?
KakoBa sTa 3aBHCHMOCTD B ACHCTBUTEILHOCTH?

3.B yem mnpuHUMIIMANBHOE OTIMYME KBAHTOBO- MEXAHMUYECKOrO Croco0a ONUCAaHUS PacCestHUS
3NIEKTPOHOB Ha aTOMax OT KJIACCHYECKOTO criocoba?

4.B 1yem cMbIcn cooTHOIIEHus Ae bpoins?

5.BriBenuTe BRIpakeHUE I [TOKA3aTeNs MPEIOMIICHHS aToMa Jajist BosH ae bpoitnsa?

6. Harmummre ycrioBue raimeHust OTpakKeHHbBIX OT aToMa BOJH e bpoitns.

7.Ilpn KakuMX KHHETHYECKHUX SHEeprusx E HameTarommx Ha aTtoMbl 3JEKTPOHOB OyaeT HaOonaTbes
rameHue MpoueAmux BoiH ae bpoinsa?

8.M300pa3ute BU SKCIEPUMEHTAILHON BOJIBTAMIICPHONW XapaKTEPUCTUKH TUPATPOHA U TEOPETUIECKOM
XapaKTePUCTHKH, CIEIYIOIIEH M3 KIaCCHUYECKOW TEOPUHU PACCEsHUsS AIIEKTPOHOB. B yem mpuumHa ux
paznuuus?

9.Kak mo skcnepumenTanbHOM BAX MOXHO OIpeneiauTh 3HEPTUIO DJIEKTPOHOB, HPU KOTOPOH
nposisisercs 3¢pdexr Pamzayspa?

10.00bsicHUTE TPOUCXOKACHUE CHIIBL, ACHCTBYIOILIEH CO CTOPOHBI aT0OMa Ha MPOJIETAIONINI 3JIEKTPOH U
M3MEHSIIONIEH ero KNHETHYEeCKyIo 3Hepruro. [louemy 3Ta cuiia He IEHCTBYeT 3a IpeaenaMmu atoma’?

Kpurepun onennBanus
Onenka «OTIAMYHO (10)» BBICTABIISICTCS CTYICHTY, MOKa3aBIIEMY BCECTOPOHHUE
CHCTeMaTH3U-POBaHHbIC ITyOOKHE 3HaHMS Y4eOHOM mporpaMmbl U 3a e€ mpeaenamu, a TaKKe YMEHHUE
YBE-pEHHO NIPUMEHSITh UX Ha MPAKTHKE [IPH BHIIOJIHEHUH U C1ade J1abopaTopHON pabOTHI.

Ouenka «OTan4YHO (9)» BBICTABIAECTCS CTYIEHTY, MOKa3aBIIEMy BCECTOPOHHHE CHCTEMAaTU3UPOBAHHbIC
DIyOOKHe 3HaHUs Y4eOHO! MpOrpaMMbl M YMEHHE YBEPEHHO IPUMEHSTh UX Ha MIPAKTHKE MIPU PELLICHUH
HEeCTaHAApTHBIX 3a/1ad.



OueHka «OTAMYHO (8)» BBICTABIACTCS CTYIEHTY, MIOKa3aBIIEMy BCECTOPOHHHE CHCTEMAaTU3UPOBAHHbIE
IyOOKHe 3HaHUS Y4eOHOW NporpaMMmbl M YMEHHE YBEPEHHO MNPHUMEHSTh HX Ha MPaKTHKE IPH
BBINIOJIHEHUHM M cade J1abopaTopHOW pabOTHI, OIHAKO IOMYCTUBIIEMY HEKOTOpbIE HETOYHOCTU HpHU
OTBETE.

Ouenka «xopomo (7)» BBICTABIAETCS CTYHACHTY, €CIM OH IPOJEMOHCTPUPOBAJ TBEPAOE 3HAHUE U
YBEpEHHOE MMOHMMAaHUEe Marepraia yueOHOH mporpaMMbl 1 yMEHHE CBOOOTHO MPUMEHATH (pu3nueckue
3aKOHBI Ha PAKTHKE TPH BHIMOIHEHUH U cllade J1a00opaTopHON paboThI.

Onenka «xopomo (6)» BBICTaBISETCS CTYACHTY, €CIH OH MNPOACMOHCTPHUPOBAJI TBEPIOE 3HAHUE
Marepuasia y4eOHOM MHporpaMmbl M yMEHHE HPUMEHATh (u3ndeckue 3aKOHbBI Ha IPAKTUKE IIPH
BBITIOJIHEHUH U c/1aue JIabopaTopHOi paboThI.

Onenka «xopomo (5)» BBICTABISETCS CTYACHTY, €CIH OH IPOJAEMOHCTPHPOBAI TBEPIOE 3HAHUE U
MOHUMaHUE Marepuaia yueOHOH mporpaMMbl U YMEHHE TPUMEHITh (PU3NYECKUE 3aKOHBI HA MPAKTHKE
MpU BBHITIOMHEHWH ¥ CJa4e JIabopaTopHOW pabOThI, OMHAKO JOMYCTHJ TpPH OTBETE psA TPYyOBIX
HETOYHOCTEH.

Or1eHKa «yIOBJIETBOPHUTEIBLHO (4)» BBICTABIISCTCS CTYICHTY, [TOKa3aBlIeMy (parMEHTAPHBIH XapakTep
3HAHWH, JOMyCKABIIEMY HETOUYHOCTH B (POPMYJIUPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX MOHATHI, HO
[PU 3TOM HPOJEMOHCTPUPOBABIIIEMY CIIOCOOHOCTh BBIMOJIHATH OCHOBHBIC 3a1aHUSI TIPH BBITIOJIHCHUU U
cnade abopaTopHO pabOThl W BIAJCHHE OCHOBHBIMH pas3jieiaMH y4eOHOW MpOrpammel,
HEOOXOUMBIMH IS TalibHEHIIero 00ydeHusI.

OueHka «yIOBIETBOPUTENBHO (3)» BBICTABISETCS CTYAEHTY, MOKa3aBIIEMY CHJIBHO (parMeHTapHBIN
XapakTep 3HaHUH, AOMYyCKaBlIeMy rpyOble OomMOKU B ()OPMYIMPOBKE OCHOBHBIX 3aKOHOB M 0a30BBIX
HOHSATHH, HO MIPU 3TOM NPOJEMOHCTPHPOBABIIEMY CIIOCOOHOCTBH P 3TOM HPOJEMOHCTPUPOBABIIEMY
CHOCOOHOCTH BBIMOJIHATE OCHOBHBIE 3aJaHHsl NPU BBIIOJHEHHH M cAave J1aboparopHOH paboThl U
BJIaJICHUE OCHOBHBIMHM pa3/iellaMy Y4eOHOH MporpaMmsbl, HEOOXOAUMBIMHU TSI JaJbHEHIIero o0y4eHus..

OrneHka «HEYOBIETBOPUTEIBHO (2)» WM «HEyAOBIeTBOpUTENHHO (1)» BBICTABISETCS CTYIACHTY,
KOTOpPBIi HE 3HAET 3HAYUTENFHYI0 YacTh OCHOBHOTO COJNCPKAHUS TPOTPaMMBI, CHUCTEMATHYECKH
JoITycKaeT rpyobie ommOky npu GOpMYyITUPOBAHUN OCHOBHBIX (PM3MYECKUX 3aKOHOB WIIM HE CIIOCOOCH
KOPPEKTHO MPUMEHATH (PU3MYECKHIE 3aKOHBI TaXKe JUTS PEIICHUs TPOCTHIX 3a-1ad.

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

3aueT B KaKIOM CEMECTpe MPOBOJHUTHCS IO UTOraM TEKyIled ycreBaeMocTH (pesyibTaraM CcIadn
nabopaTopHbIX paboT).



3. [lepeyeHb THMOBBIX KOHTPOJILHBIX 3a/1aHHI{, HCIOJIB3YeMbIX IS OLlEeHKH 3HAHUM, yMe-
HUM, HABHIKOB

[TpomexyTouHas aTTecTaius o aucrurinae «O0mas husnka: 1ad0opaToOpHbINA MPAKTHKYM» OCY-
niecTBIseTCS B popMme audGepeHIIMPOBAHHOTO 3a4ETa.

Jiist mosmydenus 3auéTta CTYJACHTY HE0OXOAUMO BBIMOIHUTH 3aJaHHOE KOJIMYECTBO Ja00paTOPHBIX
paboT. [{1s BRIMONMHEHUS KaX10H J1abopaTOpHOU pabOThl CTYAEHT JOHKEH MOATOTOBUTHCS K BBI-
MOJTHEHHUIO PaboThI, CAATh MOATOTOBKY MPENOIaBATENI0, BBITOJHUTH SKCIIEPUMEHTAIBHYIO YacTh
paboThl, BHITOJIHUTE HEOOXOAUMBIE PACUETHI K 0POPMUTH pabOTy, cllaTh pabOTy IPENoAaBaATEIIIO.
Jli nonydeHus 3ayeTa 1o Kaxaoi padboTe Npe1yCMOTPEHbI KOHTPOJIbHBIE BOIIPOCHI:

DKCIEPUMEHTAJIbHAS TTPOBEPKA YPABHEHMS DSHHIUTEMHA JUISI ®OTODD-
®EKTA 1 OITPEJIEJIEHUE ITOCTOSTHHOM TVTAHKA

1.Yt0 Takoe BHemHUHA HhoTordexT? 3anummre 1 00bACHUTE ypaBHEHNE DIHIITEHHA.

2.Kakue (akTbl CBHIETENBCTBYIOT O HANUYUU Y (POTORIEKTPOHOB HAuaIbHOW KUHETHUECKOMN
SHEpruu?

3.ITouemy pOTO3EKTPOHBI BEIXOAST U3 METAJLIA C PA3IMYHOM CKOPOCThI0? OTUYEro U Kak 3aBUCUT
MaKCHUMaJIbHasi CKOPOCTh (POTOAIEKTPOHOB?

4.01 4ero u Kak 3aBHCUT MOTOK (POTOIEKTPOHOB, T.€. YUCIIO AJIEKTPOHOB, BHIPHIBAEMBIX CBETOM
B €IMHUILY BPEMECHU?

5.YUto Takoe “kpacHas rpanuna’ ¢otodddekra u OT 4ero oHa 3aBUCUT?

6.1300pa3ute oOuIMii BUJ BOJBTAMIIEPHON XapaKTEPUCTUKU (POTOIIEMEHTA 1 OOBICHUTE Xapak-
TEePUCTUKH (HOTORJIEMEHTa, B TOM yucie u 3aBucuMocth [(U) B o6mactu 0OpaTHBIX HaNPsKEHUH
U > 0. Yro Takoe 3aaepxuBatoniuii norenunan Uo 1 uem onpenensiercs ero 3HaueHue npu 3a1aH-
HOH yacToTe cBeTa’?

7.3anummTe BeIpakeHHUe 3a/1epKuBatoniero norenuana Uo OT ATuHBI BOJHBI A 11t poToddhdekra
B cirydae (poTokaTosa ¢ paboToi BeIxoaa A.

8.M300pa3ute ceMeiCTBO BOJIBTAMIIEPHBIX XapaKTEPUCTHK (POTOIIEMEHTa IpU OOJTYyUSHHUU €ro
CBETOM ITOCTOSHHOM MHTEeHCUBHOCTHU I 1 ¢ yactotamu vl =v 0, v2=2v 0, v3 =3v 0, rme v0 -
4acTOTa, COOTBETCTBYIOIIAsI KpacHOM rpanuiie Gporodddexra.

9.M300pa3ute rpaduk 3aBUCUMOCTH 3a/I€P’KUBAIOIIETO MOTEHIMala OT YaCTOThl 00IYyJarolero
ceera. Kak mo atomy rpaduxy onpenenuts noctosiHayro [lmanka h?

10.Kax o rpaduxy 3aBucumoctu UO(V) MOKHO MOKa3aTh, YTO MPHU YACTOTAX 00TYJArOIIETO CBETa
v <v0 dpororddexT HeBO3ZMOKEH?

11.Yem onpenensieTcs 3HaU€HUE TOKA HACBILIEHHUS /,, IPU 33JJaHHON HHTEHCUBHOCTH cBeTa?
12.M300pa3ute CeMECTBO BOJIBTAMIICPHBIX XapaKTEPUCTUK (POTOIEMEHTA TIPU OOJTyUICHUU CBe-
TOM IIOCTOSSHHOM 4acToThl vV ¢ mHTeHcuBHOocTamu 1\ =1, /2 =21, /3 = 31.

13./IBa oTosneMeHTa UMEIOT JICKTPOABI B (hOpME IIaprKa U KOHIICHTPUIECKOU emy ceprl. Y
oJtHOTO (poTo3IeMeHTa cdepa - POToKATO, a Yy APYroro - aHo . POTo3IeMEHTHI 00y4yaroTCs CBe-
TOM C 33JJaHHOM YacTOTOM V Tak, YTO TOKU HACBIIIEHUS OJMHAKOBHL. 300pa3zure Ha olHOM pH-
CYHKE MPUMEPHBIN BUJ BOIHTAMIIEPHON XapaKTEPUCTHKU (HOTOIIEMEHTOB U OOBICHUTE UX OTIIH-
yye.

14.CornacHo mpencTaBiICHHUSIM KJIaCCHUECKOM (PM3UKH CBET - 3TO HEMpPephIBHAS AJIEKTPOMArHUT-
Hasl BOJIHA, AJIEKTPUUYECKOE T0JI€ KOTOPOM B 3aJaHHOM TOUKE MPOCTPAHCTBA U3MEHSETCS 110 3aKOHY
E(t) = EOcos(cot + (p), rae to = 2nV - yactoTa cBeta. Micxoas u3 Takoi TOUKH 3peHUsi, OTBETHTE Ha
CJIETYIOIIHE BOIPOCHI U COMOCTaBbTE UX C ONBITHBIMU JAHHBIMU:

. BO3MOYKHO JIM B IPUHIIMIIE siBiIeHue GpoToadpdexra?

. OTYETO M KaK JI0JDKHA 3aBHCETh KHHETHYECKast YHEPTHS (POTOIIIEKTPOHOB?

. OTYEro M Kak JIOJHKHO 3aBUCETh YHCIIO JIEKTPOHOB, BHIPBAHHBIX CBETOM B €IMHUILY Bpe-
MeHU?

. JI0JDKHA JIU CYILIECTBOBAThH KpacHas rpaHuua Gporosddexra?

. BO3MOXEH JI POTOIPPEKT IPU OUYE€Hb MAJIBIX HHTEHCUBHOCTSAX 00IyYaroliero ceera’?



Pabora 1.2

NCCIIEJOBAHUE DODOEKTA KOMIITOHA

1.Kakue nporecchl B3aUMOJCHCTBUS Y-KBAHTOB C BEIIECTBOM MPHUBOJAT K OCIA0JICHUIO TIEPBUY-
HOT'O IOTOKa?

2.B uem cocTouT 3¢ (eKT KOMITOHOBCKOTO paccessHus? IIpu kakux SHEprusx /-KBaHTOB 3TOT IPO-
LIECC BHOCUT CYILIECTBEHHBIH BKJIaJ] B OCJIabJI€HHE IEPBUYHOIO MOTOKA?

3.Kak 3aBUCAT ceyeHHMsS TOMIICOHOBCKOTO M KOMIITOHOBCKOTO PACCEeSIHMN OT aTOMHOTI'O HOMeEpa
pacceuBarens Z?

4.Vicnionb3ys 3aKOHBI COXpPAHEHUs, MOIydyuTe (OpMYIy, ONHCHIBAIOIIYIO 3aBUCHMOCTH MOTEPH
SHEPI'uHU OT yIJla paccesiHUs y-KBaHTOB NpH 3¢ dexre KomnroHa.

5.IlosicHuTe MPUHLUT IEHCTBUS CIIMHTUIUISIIMOHHOTO CIIEKTPOMETPA.

6.0numuTe, Kak npeodpazyercs SHEprus MaJarollero y-KBaHTa B 3JIEKTPUYECKUN UMITYJIBC Ha
BbIXOJIe POY?

7.J1n51 yero npu u3MepeHusx 1noj B = 0° B KOJJIMMATOp BCTABISETCA CBUHIIOBas quadparma?
8.Kak m3BecTHO, ()OTONMK OTAEICH OT KOMOTOHOBCKOTO PAacCHpeleNCHUs YYaCTKOM, B KOTOPOM
cyeT cUIbHO yMeHbIlleH. Kak Benuka mupuHa atoro uHrepsana? [louemy oH Bo3HuKaeT?

Pa6ora 1.3

N3YYEHUE PACCESAHUA MEJJUIEHHBIX SJIEKTPOHOB HA ATOMAX (O®®EKT PAM-
3AYDOPA)

1.B uem 3akmouaercs 3¢ ekt Pamzayspa 1 Kak ero MOXKHO 3KCIEPUMEHTAIBHO HAOM0AaTh?
2.0xapaKkTepu3yiTe “KIaCCHUECKU” MEXaHU3M PACCESHHS 3JCKTPOHA HA aTOMe M OOBSCHUTE,
KaK 1 II0OYeMY JJOJDKHA 3aBHCETh BEPOATHOCTb PACCESIHUS OT CKOPOCTH IEKTPOHA B PAMKaX 3TOr0
nonaxona? Kakopa 3Ta 3aBUCUMOCTh B A€HCTBUTEIBHOCTU?

3.B ueM nmpuHLMIHAIBHOE OTJIMYME KBAaHTOBO- MEXAaHMYECKOI'O CIIOCO0a ONMCAHMS PAcCEsHUs
3JIEKTPOHOB HA aTOMAaX OT KJIACCHUYECKOTo criocoba?

4.B 4yeM cmbIci cooTHOIIEHUS e bpoita?

5.BeiBenuTe BhIpaykeHUE 1S IOKa3aTels IPEeJIOMIIEHUsT aTOMa 1 BOJIH Jie bpoiins?

6. Hanummre ycioBue rameHust OTpaXXeHHBIX OT aToMa BOJIH Jie bpoiins.

7.I1pu KakuX KUHETUYECKUX PHEPrusiX E HaneTaromux Ha aToMbl 3J1EKTPOHOB OyIeT HabII01aThCs
ralieHue npoueIux BosH e bpoinsa?

8.M300pa3uTte BU SKCIEPUMEHTATBHOMN BOJIBTAMIIEPHON XapaKTEPUCTUKNA THPATPOHA U TEOPETH-
YEeCKOW XapaKTEPUCTHKH, CIEAYIOUIEH U3 KJIAaCCUYECKOW TEOPUU pacCEsHUS IEKTPOHOB. B uem
PUYMHA UX PA3IAYMS?

9.Kak no skcnepuMenTanbHOH BAX MOXKHO ONpeneNnTh SHEPTHIO 3JIEKTPOHOB, NMPU KOTOPOMH
nposiBisieTcst a¢dext Pamzayaspa?

10.06bacHUTE TPOMCXOXKAEHUE CUIIBL, IEHCTBYIONIEH CO CTOPOHBI aTOMa Ha MPOJIETAIOIINN JIeK-
TPOH U U3MEHSIOIIEH ero KWHEeTHYECKYyIo 3Hepruto. [louemy 3ta cuiia He IelCcTBYeET 3a npejenaMu
aToma?

11.06bsicHUTE U3MEHEHUE TOTCHIIMAIIBHONW SHEPTHH JJIEKTPOHA TPHU TpojieTe yepe3 atom? Urto
03HA4aeT TEPMUH “NIOTEHLMANIbHAS AMa’?

12 .3ammmmre ypaBHenue lllpenuHrepa mis cirydas ABMDKEHUS DIIEKTPOHA HAJl MOTEHIMATBHON
SMOM U TIOJIY4UTE €ro olIee perieHue.

13.Haitnute k03(hUIIMEHT MPOXOKACHUS YaCTHIIBI HAJ| MPSMOYTOJIBbHON TMOTEHIIMATBHON MO
(OTHOIIEHUE KBAIPaTOB aMILIUTY I IPOILIEAIIECH U OTPaXKEHHOH BOJIH).

14 Tlouemy nmokasaHus BOJIbTMETpA HE JAIOT UICTUHHOTO 3HAYEHUS YCKOPSIOLIETO HANPSHKEHUS B
tuparpone? Kak ero onpenenurs?

15.Uem 0OBSICHUTH HAIMYUE HA BOJBTAMIIEPHOW XapaKTEPUCTHKE TOJIBKO OJHOTO0 MaKCHMyMa
TOKA, IPOTEKAIOIIETO YePE3 TUPATPOH?



16.Kak crnenyer HanpaBuTh BHEIIHEE MAaTHUTHOE I10JI€, YTOOBI BOJbTaMIIEpHAsl XapaKTepUCTUKA
TUpPATpOHA UCKa3ujIach HanboJee CUIbHO?

17.Bnuser 11 MarHUTHOE ToJie 3eMJIM Ha BUJ] BOJBTAMIIEPHOIN XapaKTEepUCTUKU TUPATpOHa?
18.Kak 1o BoIbTaMIIEpHOH XapaKTEPUCTHKE OMPENICIUTh, KAKUM HHEPTHBIM Ia30M 3arloJIHEH TH-
patpoH?

19./lanHbIC KaKOH XapaKTePUCTHKHU (IMHAMHYECKON WM CTAaTHYECKOM) CIIEyeT HCIIOJIb30BaTh
JUTSI TIOJICTAHOBKU B pacueTHyto Gpopmyiy u nouemy?

Pa6ora 2.1

OIIbIT ®PAHKA-TEPLIA

1.ITouemy ¢ TOUKH 3peHUs 3aKOHOB KJIaCCUYECKON (pU3UKe aTOM HE MOXKET ObITh YCTONYMBOM CH-
cTemMoi?

2.Chopmynupyiite moctyaaTtel bopa.

3.ITokaxuTe IpSAMBIM pacu€TOM, YTO B YCIOBUSX IKCIIEPUMEHTA MOKHO HE YUUTHIBATH TEIIOBOTO
JIBUKEHHS] aTOMOB T'eJIMS B JIaMII€.

4.Kakue coymapeHus: 4acTUIl HA3bIBAIOTCS aOCONIOTHO YIIPYTUMU, KaKue - HeynpyruMu? 3amm-
[IMTE 3aKOH COXPaHEHUs SHEPTUH A1l aDCOIIOTHO YIPYTOro U JUIsl HEYIPYTroTro COyIapeHHsl IBYX
Tel.

5.IIpu kKakoM YCJIOBHU MPOUCXOJSAT TOJNBKO YIPYTrUe CTOJIKHOBEHHS C aTOMAaMHU ras3a B JIaMIle U
IpY KaKOM YCIIOBHH BO3MOYKHBI HEYIIPYTHE CTOTKHOBEHHUS?

6.ITokaxute NPSIMBIM PacueToOM, YTO MPH PACCMOTPEHUU CTOIKHOBEHHM 3JIEKTPOHOB C ATOMOM B
JAaHHOU paboTe MOYKHO HE YUUTHIBATh M3MEHEHUE KMHETHYECKOM SHEPTHH aTOMa KakK IIeJI0TO.
7.HapucyiiTe NpUHIUMUATBHYIO SJIEKTPUUECKYIO CXEMY U3MEPEHUS BOJIbTAMIIEPHON XapaKTepu-
CTHKH JIAMITBI B OIIBITE

8.®panka-I'epua B cratnueckom pexxume. OObICHUTE HA3HAYSHHE DJIIEMEHTOB CXEMbI U IIPUHITUI
JICHCTBHS YCTAHOBKH.

9.To e B IMHAMUYECKOM PEKUME.

10.ITokaxxute, 4TO HaOMIOIaeMast HA SKpaHe OCIIIUIOTpada KpruBas MpeICTaBiIsIeT COO0H B orpe-
neneHHoM (kakom?) macmrade rpaduk 3asucumoctu [ = 1 (U).

11.M300pa3ute u 00BSICHUTE BU BOJIbTAMIIEPHON XapaKTEPUCTUKHU JIAMITBI B PEKUME, KOT/1a IIpo-
UCXOJUT BO30YX/IeHUE aTOMOB 3JieKTpoHaMu. [Touemy HabmogaeTcss BTOpoit mpoBan?

12.Yt0 Takoe pe30HAHCHBIN MOTEHITNA BO30YXICHHS?

13.Kak oH onpezensercs B JaHHOM padore?

14 . Kak MOXHO ONIpeIeNTUTh PE30HAHCHBIN TTOTEHIINA aTOMa, €CJIH B OKCIIEPUMEHTE HAOII0AaeTCs
TOJILKO OJIMH MUHHUMYM Ha BOJbTaMIEpHOI xapakrepuctuke? Kakasi mpu 5TOM JOMyCKaeTcs CH-
cTeMaTuyeckas ormmoka?

15.TTokaxxuTe, Kak Mo pe3yabTaTaM U3MEPEHUS BOJIbTAMIIEPHON XapaKTePUCTUKU MOXKHO OIpe/ie-
JMTH KOHTAKTHYIO Pa3HOCTh MOTEHIIMAIOB MEXIY KaTOJAOM M YCKOPSIFOIIEH CeTKO?

16.Uto Takoe mepBbIil HOHU3AIIMOHHBIN oTeHInan atoma? [Ipu KakoM ycKopsirolieM Hampsoke-
HUH B JIAMIT€ HAYHYT MOSBIISATHCS HOHBI?

17.Yt0 HYXHO cenaTh, 4ToObI MEPEBECTH IeHii B TaMIie B pexXuM HoHu3aruu? Yto B 3TOM CIity-
Yyae MOKaXeT MUKpoamMmepmeTp?

Pabora 2.2

N3YUYEHUE CIIEKTPA ATOMA BOJOPOJA

1.OxapakrepusyiiTe SHEpreTHYECKUi CHEKTp aTomMa BOAOPOJAa. B KakuxX COCTOSIHMSX HEPrUs
anektpona E < 0, a B kakux E > 0? 3anummure Gopmynny A SHEPrUM TUCKPETHBIX YPOBHEH B
aToMe BOJOPOA, paccuuTaiiTe mo 3Toil popmyiie S3Hepruio HOHU3AIMH aTOMa BOAOPOAA.
2.ITouemy criekTpbl aToMa JuHedarbie? [lomydnTte u3 GopMysbl [UI JHEPTETHUECKUX YPOBHEH
BOJIOpoJia 00001eHHYI0 GopMyiny banbmepa U TeopeTHyeckoe BBIpaKEHHE MOCTOSHHOW Pu-
Oepra.



3.UTo Takoe cnieKkTpanbHas cepusi? 3anuimuTte oOnryro GopMyIry s 9acTOT MPOU3BOJIBHON CEpUM
BOJIOPOJTHOTO CIIEKTpa ¢ HoMepoM T. M300pa3ute xapakrep B3aMMHOTO PACIOIO0KEHUS JIMHUH ce-
pPHUH Ha LIKaje JUIMH BOJH (T.€. B M0JIe 3pEHUS OKYJISIpa MOHOXPOMATopa).

4 3anummre GOpMyIIBI Al YacTOT TOJIOBHOW JIMHUU M TPAHUIIBI CEPUU CIEKTPAIBHON CEepHUH C
HOMepoM 11. Paccunraiite 3TH 4acTOTHI AJis TpEX MepBbIX cepuid. [lepekpriBatoTcs mu 31U cepun?
5.JIuHMM KakoW cepuM CIIEKTpa aTOMapHOI0 BOJOPOAa MOXXHO HaOionaTh Bu3yanbHO? KakoBo
(TeopeTHYeCKH ) YMCIIO HAOII01aeMbIX JIMHUK (CYUTATh BUIUMBIC JIMHUK ¢ A > 4 000A)?
6.1300pa3ute ONTHYECKYI0 CXeMY MOHOXPOMATOpPa U OOBSICHUTE €ro MPUHIIKIT JCHCTBUS.

7.Yto Ha3bIBaeTCs yriioBoU aucrepcueit Dy criekTpaibHOro npudopa.

8.Yto mokaspiBaeT oOpaTHas nuHelHas qucnepcus T? OT 4ero oHa 3aBUCHUT B CiIydae MPHU3MEH-
HOTO MOHOXpoMaTopa?

9.Yto TaKoe paszpenaromas cuia CeKTpajJbHOTro MpHOopa 1 OT Yero OHA 3aBHCHUT B CIIy4ae MpU3-
MEHHOT0 MOHOXpoMaTopa?

10.Yto 03HaUaeT BBIpaXKEHUE: «IBE CIIEKTpalIbHbIC TUHUU pa3pemieHbl? He paspemiensi?» Chop-
MyJIUpYyWTe Kputepuid Pases.

11.Yto Takoe m3oTonudeckuii caBur? MoKHO JM HAOIIOAaTh U30TOMUYECKUI CIBUT IS CMECH
neirepust (\D) u tputus {\T)~ 3T0 Beb TOT 3K€ BOIOPOI?

Pabora 2.2a

N3VUYEHUE MOJIEKYJIIPHOI'O CIIEKTPA MOJIA

1.KakoBa mpupo/1a MOJIEKYISIPHBIX CIIEKTPOB?

2.M300pa3ute sHEPreTHIECKyI0 CXeMy ypaBHEHUH IBYXaTOMHOM MOJEKYJIBI.

3.Kakwue THIbI MOEKYISPHBIX CIIEKTPOB BBI 3HAETE?

a.K xakoMy THIly OTHOCHUTCS CIIEKTp MOTJIOIIEHUS MOJIEKYJIBI 07]a B BUAMMOM o0nactu?
4.Kakwue cepun Ha3biBaloTCs cepusamu [lenannpa? [louemy B cieKTpe MOTIOMIEHUS HAOTIOJaI0TCS
TOJIbKO JBe cepuu Jlenanapa?

5.Yrto npexacrasiusoT co0oil HyneBas U nepsas cepuu Jlenanapa B ClieKTpe MOrJomeHus onaa?
KaxoB 0o0miuii BUJT CIIEKTpa MOTJIOMICHHS B BUIUMOM 001acTH?

6.KakoBo ’HEpreTHUecKOe MOJIOKECHHUE JTMHHI TTOTJIONICHHSI HYJIEBOH | niepBoii cepuii Jlemanapa?
7.Kakue mapaMeTpsl SHEPreTHYEeCKONW CXEMBbI MOJEKYIbl H0Ja MOXKHO OMPEAETUTh MO CIEKTPY
MOTJIOUICHUS?

8.1M300pa3uTe ONTHUECKYIO CXEMY YCTAaHOBKHU, UCIIOIb3YEMOM JJIs1 UCCIIEIOBAHUS CIIEKTpPa IMOIJI0-
HIEHUS TapoB Hoxa.

9.M300pa3ute MpUHIMUIUATBHYIO CXeMy MOHOXpomaropa YM-2. Kakum criocobom Ber moctpo-
WIM TPayHPOBOYHYIO KPUBYIO CIIEKTPaAJIbHOTO Iprudopa?

10.0Ot yero 3aBUCHT MIMPHHA HAOTIOAaeMbIX B paboTe MuHui noriomieHus? Kak MO)KHO OBBICUTH
KOHTPACTHOCTh Ha0Jt0/1aeéMOM KapTUHBI CIEKTpa?

11./1n1s1 4ero moAorpeBaroT UCIOIb3YEMYIO B 9KCIIEPUMEHTE KIOBETY C HotoM?

12.3aBHuCHT JTM 9€TKOCTh N300pPAKEHHSI CIIEKTPa OT CTEIIEHH HarpeBa KIOBETHI?

Pa6ora 4.1

OINPEAEJIEHUE SHEPTUN AJIbOA-HACTUL [1O BEJIMYUHE UX IMPOBET'A B BO3-
JAVYXE

1.Chopmymnupyiite 3axoH ['eitrepa-Hatomna. Kakue duzmdeckne MpuIuHBI MPUBOJAT K PE3KOM
3aBUCUMOCTH IIEPUO/IA MOJypacnaaa OT SHEPTUU a-4yacTHll?

2.ITouemy a-CHIEKTpBI COCTOSIT U3 OTJEIBHBIX JIMHUM, a JI-CTIEKTPBI HeMPEPHIBHBI?

3.KakoB MexaHM3M B3aUMOJECHCTBHUS TSXKENBIX 3apsDKEHHBIX YAaCTHUI] C BEIIECTBOM (OOBSCHHUTE
bopMyITy IS HOHU3AIMOHHBIX TTOTEPD - AE/dX)?



4.Kakas 3aBUCIMOCTh HOCUT Ha3BaHue KpuBoi bparra? Kak 3aBucST HOHU3AIIMOHHBIC TTOTEPH OT
CKOPOCTH YacCTHI], OT CBOMCTB Cpe/bl?

5.B yem paznuune nmporeccoB TOPMOKEHHS a -4aCTHUIL U SJIEKTPOHOB B BeliecTe?

6.Kak cBsizaHbl My CO00 SHEPTHUs a-4acTUIl ¥ UX mpoder?

7.Kakue sxcriepuMeHTalIbHbIe METO/IbI UCTIONB3YIOTCS 111 H3MEPEeHUs Tpo0era a-4acTull B raze?
8.Kakoii MCTOYHUK a-U3Ty4eHUS UCTIONB3YETCs B TaHHOM paboTe? [[is uero mpuMeHsoT Tpyoua-
ThI€ KOJUIUMATOPbI?

9.PazpsicHuTe MPUHIMITEI PabOThl MOHU3AIIMOHHON KaMephl, CIMHTWUISIMOHHOTO CUETYHKA U
cuetuuka I 'eirepa. Pacckaxure 06 ux ycrpoiictBe. Kak BBIOMparoTcst paboure pexxuMbl ITUX TPH-
0opoB? Kak n3meHsieTcs BeIMUMHA BBIXOIHOTO CUTHAJIA cUeTunKa ['elirepa 1 HOHM3alMOHHOM Ka-
Mepbl pu HeOonbioM (~50 B) yBennueHnn NUTAIOMIEro HAMpsHKEHUs B OKPECTHOCTH paboueit
TOYKHU?

10.Kakue ¢puznyueckue BeIMUYUHBI U3MEPSIOTCA B JAaHHON pab0Te HEMOCPEACTBEHHO?
11.CpaBuute 1aMHBI TPOOETOB a-4acTHIl, H3MEPEHHBIE Pa3HBIMH MeToaMu. OIeHUTE TOYHOCTh
u3Mmepenuil. Kakue cucremarnyeckue ommOKA BO3MOXKHBI JIJISl UCIIOJIb30BAHHBIX BaMu MeTo/10B
U3MEpPEHUH (MX BETMYMHBI U UICTOUHUKH)?

Pa6ora 4.2

NCCIEAOBAHUNE DHEPI'ETUYECKOI'O CIIEKTPA BETA - HACTULL U OITPEJJEJIEHUE
X MAKCUMAJILHOM SHEPTUU ITPU ITOMOIIN MATHUTHOT'O CITEKTPO-METPA
1.Kakue gacTHIIbI HCITyCKAIOTCA siApamMu 1pH /3-pacnane? OOBsICHHUTE, TOYEeMY CHEKTp a-4acTHII,
HCIyCKaeMBbIX sIIpaMH, BCET/Ia TUCKPETEH, a CIEKTP 3JEKTPOHOB HempepbiBeH. BriBenute dop-
MYy IS TUIOTHOCTH BEPOSTHOCTH TOTO, UTO SJIEKTPOH IpH /3-pacmazie obsagaet uMIryascoMm Pe.
2.ITokaxwuTe, 4TO HHEPTUS, IIepeiaBaeMas Npu /3-pacmajie 1o4epHeMY SAPY, OUeHb MaJia 10 CpaB-
HEHHUIO C SHEPIUeH, YHOCUMOM 3JIEKTPOHOM U AaHTUHEUTPHHO.

3.UTo Ha3bIBaeTCs TPaHUYHOM dHEpruel /3-cnekrpa?

4.B yeM COCTOUT SIBJIEHUE BHYTPEHHEW KOHBEPCUH JIEKTPOHOB?

5.Ha3oBute 0CHOBHBIE AJIEMEHTHI SKCIIEPUMEHTAIBHON YCTAHOBKY U UX Ha3HaueHue. KakoB mpuH-
UM pabOThl MATHUTHOTO CIIEKTPOMETPA € MPOA0IbHBIM MarHUTHBIM nosiem? [losicaute popmyiy
JUIs (POKYCHOT'O PACCTOSIHUS CIIEKTPOMETPA.

6.Yto Ha3wIBaeTCs pazpemaronieil cnocoOHoCThIo (3-cniekTpoMerpa? Otdero oHa 3aBucuT? Kak
OTIpPENIeIUTh Pa3peIlaloNIy0 CIIOCOOHOCTh Mpubopa Mo (GopMme MUKA IEKTPOHOB BHYTPEHHEH
KOHBepcuu?

7.Kak pabotaer cueruuk ['eiirepa? C xakoil 3(peKTUBHOCTBIO OH PErHMCTPUPYET HIEKTPOHBI C
sHeprueit ~1 MaB? Kak ycTpoens! 00bI4HbIE U TOPIIEBBIE cueTunku? Kak BiuseT TonmumHa Topiie-
BOI'0 OKHA CYETYHMKA Ha SKCIIEPUMEHTaNbHYIO0 (popmy /3-criekTpa?

8. OOBACHUTh KAa4eCTBEHHO, KaK BJIMSET OCTATOYHBIM ra3 Ha XapaKTEPUCTUKH CHEKTPO-
meTpa?

9.B 4eM coCTOUT MOJATOTOBKA YCTAHOBKHU K M3MepeHuto /3-crickrpa? Kakosa mporenypa nsmepe-
Hus /3-cniektpa? Kak rpagynpyercst sHepreTuueckas mkana CeKTpoMerpa?

10.Kakwue sKCcTiepiMeHTAIbHBIE TOUKH CIEAYET MCTOIb30BaTh s MOCTpoeHus rpaduka Depmu
IIpY onpenesneHnu T 71 Makc ®

11.KakoBo »HepreTuueckoe paszpemienune /3-cnekrpomerpa? I[IpoaHanu3upyiTe BO3MOMKHBIE
OLIMOKH B onpeieNneHuH Tyaxe (CTydalfHbIe M CHCTEMAaTHYECKUE).

12.0uennre paccrossane Mmexy K- u L-nmuamsimu B /3-criektpe. Kak Oyaer BeIrsaeTs hopma 76-
JIMHUM TIPH XOPOIIEM pa3pelieHUuH? Py MI0XO0M?

PaGora 4.3



M3MEPEHUE ABCOJIIOTHOM AKTUBHOCTH ITPEITAPA—-TA “Co METOJIOM y-y COB-
[TAJIEHUI

1.Yrto Takoe AUMIOJbHBIN, KBaIPYIOIbHBIN, OKTYITOJIBHBIA MEPEX0IbI B Sapax?

2.Kakue KBaHTOBBIE 3aKOHBI JIOJKHBI BBIIOTHITHCS TIPH JIEKTPOMATHUTHBIX MEPEX0/1aX B AApax?
3.UTo Takoe IEKTPUUECKUIA U MarHUTHBIN (HOTOH?

4.C yeM CBsI3aH KacKaJHbIN XapakTep paaunoakTuBHoro pacmnaaa 60Co? Kak 3aBUCHT BEPOSITHOCTD
nepexo/ia OT MyJbTUIIOIBHOCTH U3JTy4eHUs?

5.UT0 Ha3bIBaeTCsl aKTUBHOCTBIO Mperapara, B KaKuxX eIMHUIIaX OHa U3MepsieTcs?

6.00bsiCHUTE IPUHIIUIT U3MEPEHHS a0COIOTHON aKTUBHOCTH METOJIOM Y-y COBMA/ICHUH.
7.0numuTe TpUHIUI paboThl U yCTPOHCTBO (OTOIIEKTPOHHOTO YMHOXHUTENS (DDY).
8.Pa3psicHute, moueMy OpraHM4ecKre U HeOpraHM4eCKHe CUUHTHILISATOPHI CUIBHO OTJIMYAIOTCS
JIPYT OT APyTra MO YyBCTBUTEIBHOCTH K y-TydaM. OOBSCHUTE MPUHIUI padOThl CIIMHTHIUISIIHOH-
HOT'O CYETUHKA.

9.Kak paboraet cxema coBmaeHuii? Uto takoe “paspemiaromniee Bpems’?

10.3aBucuTt 11 B JaHHOU paboTe TOUHOCTh U3MEPEHUs a0COIOTHOM aKTUBHOCTH Iperapara OT
3¢ (HEKTHBHOCTU CUCTYHKOB.

Pa6ota 5.1

M3MEPEHUE KOD®OUITMEHTOB OCJIABJIEHUS [TIOTOKA y-JIYUEN B CBUHLIE, XKE-
JIE3E U AJIIOMWHUMN.

OITPEJAEJIEHME DHEPTUU TAMMA-U3JIYYEHUA

1.Yto Takoe “y-uznydenue” sauep?

2.KakoBbI IpOIIeCCHl B3aMMOICHCTBHS Y-TTy4el ¢ BEIEeCTBOM?

3.IlokaxwuTte, uTo PoTorh(PEKT HA CBOOOTHOM ICKTPOHE HEBO3MOIKEH.

4.Vcnionb3ys 3aKOHBI COXPAaHEHHSI, TIOTyduTe (POPMYITY, CBA3BIBAIOIIYIO TOTEPIO SHEPTHHU C YTIIOM
paccesiHUS y-KBaHTOB 1pH 3¢ dexre Komnrona.

5.M3mensieTcs 1 SHEPrus y-KBaHTOB IPU MPOXO0KIEHUH yepe3 BelecTBo? CpaBHUTE MPOXOXKIe-
HHE Y-KBaHTOB Yepe3 Cpey C MPOXOXKAECHUEM 3apsHKEHHON YaCTHIIbI.

6.ITomyunre hopMyiTy, ONHCHIBAIOIIYIO OCTa0IeHNE TOTOKA y-KBAHTOB TP MTPOXO0XKICHHH CPEIBL.
7.Yto Ha3bIBaeTcs ceueHueM B3aumo/eiicTBusa? Kak oHO CBsI3aHO ¢ JIMHEHHBIM KO3 PHUIIEHTOM
ocalieHnst TOTOKa y-KBaHTOB B cpenie?

8.Kak 3aBucsr ceuenus pororddexra, koMnToH-3pdexTa u 06pazoBaHus ap OT IHEPTUU y-KBaH-
TOB U OT TIOPSIIKOBOTO HOMEpa Z aTOMOB Cpebl?

9.0numuTe NpUHIUN paboThl U YCTPOHCTBO (POTOIIEKTPOHHOTO YMHOXHUTENS (DIY).
10.Pacckaxkute mpo OpraHUYeCcKHe W HEOPTaHWYECKHE CHUHTIILIATOPEI. ONUIIHUTE MPHHIUT pa-
00TBI CHMHTHIIISIIMOHHOTO CYETYHKA.

11.0tnuyaroTest 1M IpoLecCchl B3aUMOJIEHCTBUSL Y-KBAaHTOB MCCIIEAYEMOr0 MCTOYHUKA C Belle-
CTBOM nornotutens (Harmpumep, Al) u ¢ BemectBoM ciuHTIILIATOpa Nal(T1)]

12.C kaxo#i 1enblo B JaHHOH paboTe NCTOYHHK M JIETEKTOP W3IYYCHUS CHIIBHO YIAICHBI JPYT OT
apyra?

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

14 KakoBa craTHCTHYeCKass TOYHOCTh OSKCIIEPHUMEHTAIBHBIX pPE3yJIbTaTOB W CKOJb BEIHKH
OLIMOKH, CBsA3aHHBIE C Apelidom anmaparypsl. CpaBHUTE pe3ylbTaThl pa3HbIX CEpUl H3MEPEHHIA.
JIeXuT M pa3iuyre pe3ynbTaToB B IpeesiaX 0KUIaeMoro?

15.CpaBnute Mexay co00i IKCIIEPUMEHTAIBHO MOTYUYESHHBIE BETMYUHBI TOJTHOTO KO3 UIEeHTa
noryomenus y-kBantoB B Al, Fe u PB ([n]=cMm-1 u {ju] = r/cm2). OOBsicCHUTE TIOJyYCHHBIE pe-
3ynbTaThl. OLIEHUTE C UX TIOMOIIBIO SHEPTHUIO Y-JIyuel, HCITYCKaeMbIX HCTOUHHKOM.

Pabora 5.3



OINPEAEJIEHUE DSHEPTUN I'AMMA-KBHTOB C I[IOMO-ILIbIO CHUHTUJIIALINOHR-
HOI'O CITEKTPOMETPA

1.Yto takoe y-uznyueHue? KakoBbl 3aKOHBI COXpaHEHUS IPU IIEKTPOMArHUTHBIX MEepexoax B
sanpax?

2.C xakumu >peKTaMu CBsI3aHO OCIa0IeHHE TOTOKA Y-KBAaHTOB IPHU MPOXOKICHUH Yepe3 Bellle-
CTBO?

3.IlokaxwuTe, uTo PoTOdr(hPEKT HEBO3MOKEH Ha CBOOOTHOM IJICKTPOHE.

4.KakoBo pacrpenenieHue 3JIeKTPOHOB 10 dHeprun pu GoTodPderTe 1 KOMITOHOBCKOM paccesi-
HUU?

5.Yro Takoe “kpail KOMIITOHOBCKOIO paccesHusa ? KakoBa sHEprus 3J€KTPOHOB IIPU KOMIITOHOB-
CKOM paccesiHuu /-kBaHTOB Ha 180°?

6.Yto takoe ceuenue B3aumoneicTeus? Kak 3aBucsar ceuenus potorddexra, komnToH-3pdexra
1 00pa3oBaHMsI Map OT PHEPTUU Y-KBAHTOB U OT MOPSJIKOBOIO HOMepa Z aTOMOB Cpe/ibl?
7.IToueMy BO MHOTHX sIIpax /-TIepeX0JIbl CACIYIOT APYT 33 IPYroM, o0pa3ys Kackai, a He Pouc-
XOJAT “‘B OJIMH NPBLKOK~ M3 BEPXHETO COCTOSAHUS B HUKHee? KakoBa MyJIbTUIIONBHOCTD IEPEXO-
108 B 110 Co?

8.0mnumuTe NpUHIKI JeHCTBHS POTOIIEKTPOHHOTO YMHOKHUTES U €r0 YCTPOMCTRO.

9.lns1 wero ciyxut kpuctayut Nal(T1)? [Touemy ncnons3yroT He yucThie KpucTaiuisl Nal, a kpu-
CTaJIJIbl, aKTUBUPOBAHHBIE TaJUIHEM?

10.ITosicauTe IpUHIUT PabOTHI CHUHTHUIUIAIIMOHHOTO CrieKTpoMeTpa. OnuimuTe, Kak mpeoopasy-
€TCsl SHEPTHUA MAJAI0IIEeTo /-KBaHTa B AJIEKTPUUYECKUN UMITYJIbC Ha Bbixoae POV cnekTpomerpa.
11.Kak BeImmsautT auddepeHnnaTbHblid CIEKTP PaJlOaKTUBHOTO HMCTOYHHKA, HCITYCKAIOIIETO
onny /-nmuauto (Hampumep, 54Mm ¢ Ey = 0,83 M»B)? Kakoii Bkjaa B KapTUHY CIIEKTpa BHOCUT
dorosddexr u komnroH-3PpPexT?

12.Kak MO>XHO yOeAUThCS B TOM, YTO U3TyUYCHHE, PETUCTPUPYEMOE JETEKTOPOM, NEHCTBUTEILHO
SIBIISICTCS /-M3TydCHHECM?

13.Kak nmpokanuOpoBaTh SHEPreTUYECKYIO IIKaTy aMITUTYAHOTO aHanu3aTopa?

14 Mzmenutcs ym Bua criekrpa 60Co, ecim BMecto kpuctamwia Nal(Tl) ucrmonp3oBath oprannye-
CKuH Kpuctami?

Pabora 6.1

NCCJIIEJOBAHUE PE30HAHCHOI'O IIOTJIOIEHUA y-KBAHTOB (D®PEKT MEC-
CBAVYD3OPA)

1.Kakoe siiepHO€e M3IIyueHUE Ha3bIBaeTCs y- u3iiyueHrueM? YeM OHO OTIMYaeTcs OT peHTTe€HOB-
CKOT'0 U3Ty4YeHUs?

2.C xakuMu 3¢exramu cBsi3aHO OcinabiieHUe MOTOKA Y-KBAaHTOB IIPU MPOXOKACHUH Yepes3 Bellle-
cTBO?

3.B ueM cocTouTt 3¢ dexT pe3oHaHCHOTO norouieHus y-nydei? [Ipu kakux ycinoBHsX 3TOT (-
(deKT cTaHOBHUTCS HAOII01aeMbIM?

4.Yem omnpenenseTcst €CTECTBEHHAs IIUPUHA JTMHUM FaMMa-U3JTy4eHus?

5.Kak Bnusier nonnep-3¢ ekt Ha popMy y-IHHUN?

6.Yem omnpenensercst BEpOSTHOCTb PE30HAHCHOTO MOTJIONICHUS y-KBaHTOB? B 001acTH Kakux TeM-
neparyp U SHEpruil y-KBaHTOB BO3MOKHO HaOmoaeHue 3¢ dexkra Meccbayspa?

7.Kak BO3HUKAET XUMUYECKHI CABUT JIMHUI?

8.Kakoii ICTOYHHK y-KBAaHTOB HCIOJIB3yeTcs B qaHHOU padore? [IpuBeauTe cxemMy ero pacmaja.
Kakoe BeniecTBo UCIOIB3YETCS B KAUE€CTBE MOTJIOTUTEINS?

9.C kaxoii eJIbI0 CHUMAETCS aMIUTUTYIHBIN CIIEKTP UCTOYHHKA m3mydeHus? [loueMy ais nzme-
peHuit ucronb3yroT “ToHkuit” kpucrama Nal(Tl)?

10.Kak BBIIEINSIOTCS U PETUCTPUPYIOTCS y-KBaHTHI ¢ dHeprueit Ey - 23,8 kaB2 Kaxk BriOupaercs
pabouee “oxHO” nupdepeHnnanbHOro ananuzaropa?

11.3auemM HY)XEH MayIaANEeBbIN QUILTP?



12.B 9em cOoCTOUT METO/I IOTUIEPOBCKOTO CIIBUTA JTMHUN UCITYCKAHUS U TOTJIOMICHUS y-Tyden?
13.B kakoii mociae10BaTeIbHOCTH UCCISNYETCSI CIIEKTP PE30HAHCHOTO MOTIIOICHUS?

14.B ycTaHOBKe MOTJIOTUTENb JBUKETCS OTHOCUTEIBHO UCTOYHHKA. MOXHO JIM ABUTaTh UCTOY-
HUK, OCTABHB HETIO/IBFKHBIM MOTJIOTHTEIh?

15.Cxka3bIBaeTcs 1M TOJIIMHA MOTJIOTUTENS Ha IIMPUHE PE30HAHCHOM JIMHUU, U3MEPSIEMOM B DKC-
nepuMeHTe?

16.Kak BIHSIOT POIIECCH TIOTJIONMICHUS Y-KBAaHTOB B IMOIVIOTUTENE BCiencTBue Gororddexra u
KOMITOH-3()()eKTa Ha BEIMUYMNHY aMILTUTY (bl PE30HAHCHOTO (SAEPHOT0) MOTJIONICHUS Y-KBAaHTOB
B 9TOM HoOrjioTuTene?

17.Yro BBI 3HaeTe 0 mpuMeHeHnu dpdexkra MeccOayspa B pa3IMUHbIX HAYYHBIX M TEXHUYECKUX
obnactsx?

PabGote1 7.1,7.2,7.3

1.KakoB cocTaB nepBUYHOI0 KOCMUYECKOro n3nydenus? Ilouemy B ero cocraBe HeT HEUTPOHOB?
2.KakoB cocTaB KOCMMUYECKOTO M3JIy4eHHsl y TOBEPXHOCTH 3emiin? M3 Kakux 4acTHUI] COCTOAT MsT-
Kas 1 )KeCTKasi KOMIIOHEHThl KOCMUYECKOro n3iyueHus? KakoBo ux npoucxoxaenue?

3.Kakumu pusnueckumu npoueccamy ONpeesstoTes IPU MPOXO0XKAESHUH Yepe3 BEIeCTBO dHEp-
FETUYECKHUE MOTEPU YACTHULl, U3 KOTOPBIX COCTOST MATKAs U KECTKash KOMIOHEHTHI U3Iy4eHUs?
Kakue u3 3Tux mpoueccoB sIBISIOTCS JOMUHUPYIOLIUMU?

4. KayecTBEHHO OOBSCHUTE YTIIOBOE PACIIPEACICHIE KOCMUYECKUX JIYICH.

5.00bAcHUTE IPUHLUIIBI paOOTHI TEIECKOIA U3 IeHTrepOBCKUX (CHUHTUIUIALMOHHBIX ) CUETUUKOB.

Pabora 9.1
3AKOH KIOPU-BEMCA 1 OBMEHHOE B3AUMOJIEVICTBUE B ®EPPOMATHE-
TUKAX

1. 3anumure ypaBHEHUs, ONMCHIBAIOIME MArHUTHOE ToJIe B cpeze. Jlaiite onpeneneHue Be-
JIMYMH, BXOJSIINUX B 3TU yPaBHEHUSI.

2. Kakue BemecTBa OTHOCATCS K Jua- napa- u ¢peppoMareTukam?

3. Kaxosa npupona nua-, mapa- u peppomarnernzma’?

4. HazoBute HE0OXOANMBIE YCIOBUS JAJIS MOSBICHUS MATHUTHOM yIIOPSJOYEHHOCTH B (ep-
poMarHeTukax?

5. C yeM CcBs3aHO NOsIBIEHUE TIOMEHOB B (heppomarHeTrke? Kakue pakTopsl BIUSAIOT Ha
(dbopMupOBaHHE JOMEHHOU CTPYKTYpbI?

6. Ilouemy BesMKO 3HaUE€HHE MAarHUTHON BOCIIPUMMYMBOCTH BELIECTBA X Ui (heppoMarte-
TUKOB?

7. Tlouemy mpu omnpeneneHHON TeMiepaType heppoMarHeTUK CyIECTBEHHO U3MEHSET CBOU
MarHUTHbIE CBOMCTBA?

8. Uro takoe Touka Kropu?

9. Kakum 00pa3oM u3 TeMrnepaTypHOil 3aBUCUMOCTH X (/') MOKHO ONPEICITUTh TeMIIepa-
Typy Kropu?

10. Kak no u3BecTHO# Temriepatype Kropu onpenenuTs yCpeJHEHHYIO SHEPTHIO 0OMEHHOTO
B3aMMOJEHCTBHYS, IPUXOASILYIOCS HA OAWH aToM?

11. Kak BHeNIHee MarHUTHOE TI0JI€ BIIUSET HAa JOMEHHYIO CTPYKTYpY heppomarueTuxos. Ka-
KH€ TPOLIECCH MPOUCXOAT B (heppOMarHeTHKe C POCTOM HaNpsHDKEHHOCTH MarHUTHOTO
noJist?

12. [laiiTe kauecTBEeHHOE OOBICHEHNE 3aBUCUMOCTH B { H) mpu nepeMaraHuuuBanuu ¢heppo-
MarHeTuka.

13. Kak MOHO yIpaBisiTh IIUPUHON NETIN TUCTEpe3nca B (peppOMarHuTHBIX MaTepranax?

14. Yem otnuyarotcst peppumarueTuku ot peppomaraetukon? Kakue Hanbosee BaxXHbIe
cBoiicTBa (peppuToB?



15.

16.
17.

18.

~ow

10.

11.

12.

13.

14.

15.

16.

KakoBa meToauka peructpanuu netiau rucrepesuca. Kak Bol onpenensiere 0CHOBHBIE Ma-
paMeTpbl METIN TUCTEPE3Hca: OCTATOUHYI0 HAMAarHU4€HHOCTh, KOAPLUTUBHYIO CHITY, TIO-
TepH Ha epeMarHuuruBanue?

B uewm 3akmouarorcst marauroontudeckue 3dhdextsr Keppa u @apanest?

Kakue meTonp! peructpaiiui 1 CTUpaHUs MarHUTHOM 3amucu Ha (peppoMarHuTHOMN
rieHke Bol MoxkeTe npeainoxkuTh?

Yrto coboii mpeACTaBISIIOT JaOUPUHTHBIE, IMHEHHBIE, IMIHHAPUYecKue qoMeHbl? Ka-
KOBBI UX pa3Mephl?

Pa6ora 10.1
DJIEKTPOHHBIN TTAPAMATHUTHBIA PE3OHAHC
UTo Takoe 31eKTPOHHBIN MapaMarHUTHEIN pe3oHaHc? [louemy OH Ha3bIBaeTCs mapamar-
HUTHBIM?

Kak pacuienisitorcs 3HepreTuuecKrie ypoBHH 3JEKTPOHOB B IOCTOSIHHOM MarHUTHOM
nosne? Kakoit popmyIoif OmuchIBarOTCS 3aCEIEHHOCTH 00pa30BaBIINXCS O yPOBHEH?
[Tpu kaKuX yCIIOBUSIX HACTYMAeT HACBILEHUE TapaMarHUTHOTO pe3oHaHca?

Kakum 00pa3om HapyIIEHHOE TEIUIOBOE PaBHOBECHE BOCCTAHABIIMBACTCS TIOCIIE BBIKIIIO-
YEHHsI BHEILTHETO BO3MYILICHUS?

Kakue npu4nHbI PUBOAAT K YIIMPEHHUIO JTMHUU SJICKTPOHHOTO ITAPAaMarHUTHOTO Pe30-
HaHca?

Kakoe B3anmozeiicTBre (CIMH-CIIMHOBOE, CIUH-PEIIe- TOYHOE) 3aBUCUT OT TEMIIEPATyphI
oOpasua? Kakoe B3anMoelicTBHe CyIIECTBEHHO BIUSET Ha (POPMY JIMHUU AJIEKTPOHHOTO
IapaMarHUTHOIO pe3oHaHca?

KakoBa npupoaa odmennoro Bzaumonerictsusa? Kak oHo cka3piBaeTcs Ha popMe JIMHUU
3JIEKTPOHHOTO TTApaMarHUTHOTO pe30HaHca?

UYrto Takoe TOHKasi CTPYKTypa JIMHUHN 3JIEKTPOHHOTO apaMarHUTHOTO pe3oHaHca?

UYeMm 00BsICHACTCS CBEPXTOHKOE pacineruieHue? Kak 0HO CKa3bIBaeTCs Ha CIEKTPE dJIeK-
TPOHHOTO MMapaMarHuTHOTO pe3oHaHca?

Uro Takoe (/-¢akTop nin GpakTop CIEKTPOCKONMMUYECKOro pacuieruienusa? Beerna au us-

MEpPEHUsI ¢ TOMOIIBIO AJIEKTPOHHOIO MTAPaMarHUTHOTO PE30HAHCa MPUBOAT K 3HAUCHUIO
g, paBHOMY 2 (KaK JyUIisi CBOOOTHOTO JIEKTPOHA)?

B none Mn*2 umeercs 5 2MeKTPOHOB, CIIMHBI KOTOPHIX HE CHApeHkl (Ha BHenTHelH 3-d -
006050uke). CKOJIBKO JIMHUM 3JIEKTPOHHOTO IMapaMarHUTHOTO Pe30HaHCa MOKHO Ha0JIo-
aTh HA HOHaxX Mm*?

SIByIeHUE IEKTPOHHOTO MAPaMarHUTHOTO PEe30HAHCAa MOYKHO OTHCATh KIIACCHYECKH, HC-
cllefysl IPeLecCrio BEKTOpa MArHUTHOTO MOMEHTA 3JIEKTPOHA B MArHUTHOM IoJie. Yemy
paBHa KpyroBas 4acTOTa TaKOW MPEIECCHUH, €CITH WHAYKIUS MarHUTHOTO TI0JIsI paBHA B(p.

W3 KakMX 3J1€MEHTOB COCTOUT JIaOOpaTOpHasi YCTAHOBKA JJIsl HAOJIIOICHHSI JJIEKTPOH-
HOTO MapamMarHuTHoro pezoHaHca? KakoBo nx Ha3HaueHue?

B pagnouyactoTHOM quana3oHe 0OBIYHO MPUMEHSIOTCS J1Ba METO/1a U3MEPEHUS K-
TPOHHOTO TTAPAMAaTrHUTHOTO PE30HAHCA: OJIMH M3 HUX - METOJ PEaKIMU TeHepaTopa, Apy-
roif OCHOBAaH Ha U3MEHEHHH JJOOPOTHOCTH KOHTYpa BCIEICTBUE NMapaMarHUTHBIX MOTEPb.
Kaxoit 3 MeTo10B HCTIOIB3YyeTCs B TJabopaTopHO paboTre?

JU1st TOBBILIEHUS JOOPOTHOCTH KOJIEOATEIBHOTO KOHTYpa SKCIIEPUMEHTAIBHOM yCTa-
HOBKH €T0 JIETaJI ¥ 9KpaH rmocepedpensl. Kak Bennka 100pOTHOCTH UCTIONB3YEMOTO B
pabote koHTypa? JJoOPOTHOCTH KOHTYpa MOXHO OIPENEIIUTh, UCIOJb3Ys TeHEPATOp U
ocrmutorpad ycTaHOBKH.

Jl1st 4ero B yCTaHOBKE 10 HAOJIIOIEHUIO 3JIEKTPOHHOTO NMapaMarHUTHOTO Pe30HaHca
NPUMEHSETCS MOTYJISIIIAS MAarHUTHOT'O TIOJIST?



17. Kak nosmkHBI ObITh B3aUMHO OPUEHTHPOBAHBI IOCTOSIHHOE MAarHUTHOE 110JI€ M MarHUT-
HBII BEKTOP BHICOKOYACTOTHOTO MOJIS MPH HAOIIOACHUH 3JIEKTPOHHOTO MapaMarHuTHOTO
pe3onaHnca?

18. Kakum crioco6om u3mepsieTcss MHAYKIMS TOCTOSTHHOTO ¥ IEPEMEHHOr0 ToJIel B 1abopa-
TOPHOM yCTaHOBKeE?

19. Kaxkoe BausiHHE Ha CUTHAI JIEKTPOHHOTO TApaMarHUTHOTO Pe30HAHCA OKA3bIBaeT HEO/I-
HOPOJHOCTh MAarHUTHOTO MOJIS?

20. Dkpan Ko1e0aTeIHLHOr0 KOHTYpa XOPOIIO BBHIIOIHSAET CBOE HA3HAUYEHHE, €CIIM OH 00pa-
3yeT 3aMKHYTO€ KOJIbII0 BOKPYT KOHTYypa. CKa3bIBaeTCsl I Ha pe3ysibTaTaX U3MepeHuil -
(dakTopa HaNMUYKE TAKOTO KOJIbLIa MEXKAY KaTYIIKaMU, CO3JAI0IIMMU MarHUTHOE 110J1e?

21. JIns kako¥ Lesid B YCTaHOBKY 10 HAOJIIOJEHUIO JIEKTPOHHOTO Pe30HaHca BBeEH (a3o-
Bpaluareib?

22. Kak 3aBUCHUT BEJIMUYMHA CUTHAJA IEKTPOHHOIO IapaMarHUTHOI'O pe30HaHca OT TeMIepa-
TyphI 00pasma?

23. OueHuTe, KaKk MEHAETCS BEJIMYMHA CUTHANA 3JIEKTPOHHOIO ITapaMarHUTHOTO Pe30HaHCca
C POCTOM 4aCTOTBI BBICOKOYACTOTHOTO N0oJis (Tipu BhionHeHun ycinous hCJ = IUQBo).

24. Kakue paxTopbl BHOCAT OCHOBHOM BKJIa/l B IOIPEIIHOCTD ONpeieneHus "-pakropa u
mupuHbl auHUKM Ha J{DIIT™?

Padora 11.1

OIIPEJAEJIEHUE HINMPUHBI 3AIPEILEHHOM 30HbI [MTOJIVITPOBOJHUKA

OObsicHuTe MpUYUHy 00pa30BaHUS YIHEPTETUYECKUX 30H B TBEPJIOM TEJIE.

2. Kaxkwe BeniecTBa Ha3bIBAIOTCS METAJIAMHU, ITOJYITPOBOIHUKAMHU, TUIICKTpUKaMu? Yem
00BSCHSICTCS pa3Iuyie MEXIAy HUMHU C TOUYKH 3PEHUS 30HHOUN Teopuun?

=

3. T'ne pacnonosxeH ypoBerb DepMu B METaIaX M B IMOTYIPOBOHUKAX ?

4. Kak o6pa3yrorcs B KpUcTaliax JIOKalIbHbIE YHEPreTHYECKUE YPOBHU U IPUMECHbBIE
30HBI?

5. UYewm ompenensercs UPHUHA pa3pelIeHHON 30HbI U YUCIIO COCTOSIHUN B HEW?

6. Kakoit pyHkueit onpeaensercs BEpOSTHOCTh 3aIl0JIHEHHS SJIEKTPOHAMH YPOBHEW B 30HE

IIPOBOAMMOCTH Y BEPOSITHOCTD TOSBIJICHUS JABIPOK B BaJICHTHOM 30HE?

7. Ilpm xakux ycnoBusx pacmnpeneienrne @epmMu MoKeT ObITh 3aMEHEHO paclpe/iesieHueM

boneimana? He Gyner au npu 3ToM HapyiieH npuniun [laynu? B kakux ciydasx moiy-

IIPOBOJHMK Ha3bIBAIOT HEBBIPOXKAECHHBIM, U B KAKUX - BBIPOKICHHBIM?

KakoB MexaH13M cOOCTBEHHOM M MPUMECHON MPOBOJUMOCTH?

9. UYewm 00BsCHSCTCS PA3TUYHBIA X0 TEMIIEPATYPHOH 3aBUCUMOCTH COMTPOTHBIICHHS Y Me-
TaJIOB U NOJIYIPOBOJIHUKOB?

10. OOBsicHHTE, YTO TaKOE ABIPKA M JTBIPOYHAS TPOBOIUMOCTH?

11. Yro Ha3wiBaeTcs 3¢ hekTuBHOM Maccoit Hocutenei 3apsna? Kakos gusnueckuii cMpica
3TOrO MOHSATUS?

12. Yro Ha3bIBAIOT MOABMKHOCTHIO HOCUTENEH 3apsia; Kak OHA 3aBUCUT OT TEMIIepaTyphl B
noJsiynpoBogHuKax? [Ipy Kakux ycaoBHsIX MOKHO IPeHEeOpeyb 3aBUCUMOCTbBIO MTOJBUXK-
HOCTH HOCHUTEJIEH 3apsaia OT TeEMIEpaTyphl?

13. Jlnst SKCIIepUMEHTATBLHOTO ONpeIeNICHIsI ITUPUHBI 3aMPEIICHHON 30HBI B paboTe Hcclie-
JyeTCsl 3aBUCUMOCTB TPOBOAMMOCTH MOJYIIPOBOIHUKA OT TeMIepaTypbl. M3 kakux coob-
pakeHUH cieayeT BbIOUpaTh pabouuil 1uana3oH TeMieparyp?

14. TloueMy U3MepeHHUs yAEIbHOTO CONPOTUBICHUS MOTYIPOBOJHUKOB TPOU3BOIAT OOBIYHO
IIPU OYEHb €1a00M OCBELIEHUH UM B TEMHOTE?

15. B uem npenmMyIecTBO NOTEHIIMOMETPUUECKOTO METO/1a U3MEPEHHSI HAIIPSHKEHUS MEXKITY
30HJaMH Ha oOpasle nepej U3MepeHrneM HanpsKeHUs! BOJIBTMETPOM, MOTPEOIISIFOIINM
TOK?

o



16.

17.

18.

19.

20.

21.

22.

23.

B skcniepumenTe ucnonb3yercs oOpaser; MoaylnpoBOAHUKOBOrO MaTepuala npsiMoyroib-
HOM (opmbl. HacKoJIbKO BBICOKMMHU JOJDKHBI OBITH TPEOOBAHUS K MPABHUIIBHOCTH T'€OMET-
pudeckoit hopmbl obpasma?

Kak nckmounts Biusiaue Tepmo D/1C, KoTopasi MOKET BOZHUKHYTh MEKIY 30HIOM U
obpasmom?

Pacnpenenenne npumeceii B HOIyIPOBOTHIUKOBBIX 00pa3iax MOXKET ObITh HEOJHOPO/-

HbIM. Kak OLleHUTh 3JIeKTPUUYECKYIO OJTHOPOJHOCTH 0Opa3La?

C xakoil TOUHOCTBIO CIIEAYET U3MEPATH COIPOTHBIICHUE NP BEIOPAHHOM CIIOCO0E U3Me-
PEHHUs ero TemunepaTypbl?

Ycerpansrores au BnusHuAg TepMo DJ1C 1 KOHTaKTHON pa3sHOCTH MOTEHIUAIIOB C IIOMO-
IIbI0 MOCTA IIEPEMEHHOI'0 TOKa?

B 1yem npenmymiecTBa 6€CKOHTAKTHOTO €MKOCTHOTO METO/1a U3MEPEHHUS COMTPOTUBIICHUS
HOJYIPOBOIHUKOBOrO 00pasua? Kakue TpeOoBaHUs NPEIbIBIAIOTCS K HCCIETyEMOMY
00pa3ily U K JUAJICKTPUIESCKUM MPOKIAIKaM, U30JIMPYIOMIUM 00pasell OT IIaCTHH KOH-
JIeHcaTopa IpH UCIOIb30BAaHUU 3TOro MeToa?

[Touemy st onpeAeneHus IIMPUHBI 3aIPEIIeHHON 30HBI CIIETYET UCIOIb30BaTh YacThb
rpaduka lma — , COOTBETCTBYIOLIYIO O0Jiee BBICOKUM TeMIepaTypam?

Kakwue ¢dakTops! 0ka3pIBalOT HanOOJIEE CYIIECTBEHHOE BIUSIHUE Ha TOYHOCTD OTIpe/ieie-
HUS [IUPUHBI 3aIPELICHHON 30HBI B IPOBECHHOM Bamu skcrniepumenre.

Paoora 11.2
NCCIIEJOBAHUE COBCTBEHHOW U [TPUMECHOM OOTOINIOBOJAUMOCTHU B

[TOJIYITIPOBOAHUKAX

1.
2.

Hw

O Noa

9.

10.

11.

12.

13.

14.

15.

16.

B uem 3akitouaercs sBieHHE BHYTpeHHEro poTo3(ddexra B NOITynpOBOJHUKE?

Kakue HocuTeNnn Toka Ha3bIBalOTCS PaBHOBECHBIMU M HEpaBHOBECHbIMU? Kakue HocH-
TeJIn 00YCIOBINBAIOT (POTOMPOBOJIUMOCTD?

Kakumu ¢axTopamu orpeensercsi BeTMInHa TEMHO- BOTO TOKa?

Yro HazpIBaeTcs KpacHOU rpanuLeit poroaddexra? Uem ona onpenensercs uist coO-
CTBEHHBIX U IPUMECHBIX MTOJIYIPOBOJIHUKOB?

3aBUCUT JIU KpacHas rpaHuna Gororddexra oT Temmneparypsl oopasia?

OO6bsacHUTE 3aBUCUMOCTD (POTO3(PEKTa OT ATUHBI BOJIHBI AJJAIOLIETO CBETA.
OOBsicHUTE BIMSAHUE TEMIEPATYPhI MOIYIPOBOJHUKA HA €r0 (POTOUYBCTBUTEIBHOCTD.
[TornomieHne cBeTa MOKET U HE IPUBOIUTH HEMOCPEICTBEHHO K MOSBIECHUIO CBOOOIHBIX
HocuTeneil Toka. HazoBute Mexanu3Mbl (POTORIEKTPUYECKH HEAKTUBHOT'O TOTJIOLICHUS
CBeTa.

Yrto Takoe ‘“KBaHTOBBIH BBIXOX ?

Urto Ha3bIBaeTCsl BpeMEHEM JKU3HU HEpaBHOBECHBIX HocHuTenell Toka? HazoBure mexa-
HU3MBI PEKOMOMHAINH, YMEHBIIIAIOIIME BPeMsl )KU3HU HOCUTENIEH TOKa.

[Ipocnenure 3a coOMIOACHUEM 3aKOHA COXPAHEHUSI SHEPTUU M UMITYJIbCa IIPU B3aUMO-
NeicTBUU (POTOHA C ANEKTPOHOM, IPUBOASAIIEM K MEK30HHOMY MEPEXOTy AJIEKTPOHA.
[[IupunHa 3anpenieHHON 30HbI MOKET OBITh OIpe/ieeHa KaK 10 CIeKTPaJIbHOM 3aBUCH-
MOCTH (OTOTOKA (yKa3aHHbII METO/] PUHAT B J1a00OpaTOpHOM paboTe), TaK U MO CHEKTPY
npornyckanus. Kakoil U3 3Tux MeTo10B MpearnouTuTenbHee?

[Touemy GpOTOCONPOTUBICHNUS N3TOTABIMBAIOTCS U3 TOHKUX MOJTYIPOBOIHUKOBBIX I1JI€-
HOK, MPOITYCKAIOIIUX yepe3 ce0sl 3HaUYMTENbHYIO YacTh Ma/Ialollero ceera?

W3 kakMX OCHOBHBIX YacTel COCTOUT JJabopaTopHas yCTaHOBKA [T M3y4eHUs (OToIpo-
BoamMocTH? KakoBo nx HazHadyeHMe?

C xakoil enbio nepes; BXOAHOW MIeTIbI0 MOHOXPOMATOpa pacrnoiaraioT (GOKyCHpYIOIIYIO
TuH3Y?

Kakue Tumsl nepexo10B HabIOAAI0TCS B 00pasiie MOIyNpOBOAHUKA MTPU MOTJIOIEHUH
KBAaHTOB CBeTa?



17.

18.

19.

20.

21.

22.

23.

24.

[Touemy Ha KpuBOIl POTOTOKA BUHBI OJAUH WM J1BA, & HE TPU MOJHUMAIOIIUX Y4acTKa
(mepexo/1 U3 BaJICHTHOM 30HBI B 30HY ITPOBOIMMOCTH, TIEPEXO0]I U3 BAJICHTHOM 30HBI Ha
MIPUMECHBII YPOBEHb, IEPEXO/] C MPUMECHOTO YPOBHS B 30HY IPOBOAUMOCTH)?

JU71s 9ero creKTpaabHyI0 3aBUCUMOCTh (JOTOTOKA MEPECYUTHIBAIOT HA TIOCTOSHHBIN 1O~
TOK (pOTOHOB?

Kak onpezensiercs mmprHa 3apeieHHON 30HbI M SHEPTHs HOHU3ALUH IPUMECH T10
CIIEKTPpaJIbHOM KpUBO#l (GoTOTOKA?

Kak Bnusier Ha TOUHOCTB OIpEAeSICHHS IIUPUHBI 3aMPEIICHHON 30HbI IMPUHA BXOIHOM
Y BBIXOJHOM I1Iesieil MOHOXpoMaTopa?

MoxHO 11 Ha 7a00paTOPHOI YCTaHOBKE ONPEACTUTh IHUPUHY 3aPEIICHHON 30HBI Tep-
MaHUS U KPEMHUSI?

OObsicHUTE, TTOUEMY CIIEKTpasibHas KprBasi poToToka oopasna CdS npu cmenieHun ot
KpacHOU I'paHUIlbl B CTOPOHY KOPOTKHUX JIJIMH BOJIH IOCJIE€ PE3KOT0 Mo beMa ObICTpO cra-
naer?

[Touemy nokazanus npudopa, u3Mepstoero GoToToK, yCTaHABIUBAIOTCS HE Cpasy, a
4yepe3 HEKOTOPOEe BpPeMsl TI0CIIe OCBEIICHUS OTYIPOBOIHUKA?

Kakue gakTopbl BHOCAT CYIIECTBEHHBIN BKJIa/ B IOTPEIIHOCTh ONPEACTICHHS IIUPUHBI
3aIpelIeHHOM 30HbI M YHEPTHH UOHU3ALUH ITpuMecu obpasia CdS?

Paoora 4.3
WU3MEPEHUE KOHTAKTHOM PAZHOCTHU ITOTEHIIMAJIOB B ITOJIYIIPOBO/I-
HUKAX
1. IloueMy npu CONPUKOCHOBEHUHU JBYX MPOBOJASAIIUX IEKTPUUECKUN TOK MaTEpPUAIIOB BO3-

2.

10.

11.
12.

HUKAeT KOHTaKTHas pa3HOCTh MOTEHIUAIOB?

Kakoii Bug umeer GyHKIUS pacrpeieseHus 3JEKTPOHOB B IIOJHOCTHIO 3alI0JIHEHHOH Ba-
JIEHTHOU 30HE?

Urto takoe “nmpipka”? Kakosl ee 3apsan u macca? OObsACHUTE, TOYEMY C TTIOMOIIBIO “‘/IbI-
POK” MOHO XapaKTepU30BaTh KOJUIEKTUBHBIE COCTOSHUS AJIEKTPOHOB B TIOYTH 3aI0JI-
HEHHBIX 30Hax?

KakoBbl pa3meps! 00;1acTH, B KOTOPOH JIOKaJIM30BaHa KOHTAKTHAs pa3HOCTh MOTEHIINA-
70B? OJIMHAKOBBI JI 3TU pa3MePbl Y pa3HbIX METAJUIOB U MOJIYIPOBOIHUKOB?

B kakyro cropony cMeniaercst ypoBeHb @epMu B IOJIYNIPOBOIHUKAX JI-TUIIA 110 CPABHE-
HUIO ¢ OECIIPUMECHBIMU MOJIYITPOBOJHUKAMU?

Kakue HOcuTeNN 3apsaa Ha3bIBalOTCS OCHOBHBIMU?

Bo3HuKkaeT 11 KOHTaKTHas pa3HOCTb MMOTEHIIMAJIOB Ha TPaHUIE COOCTBEHHOIO U MpHUMec-
HOTO MOJIYIIPOBOJHUKOB?

[Ipu xakux TeMreparypax U HaNpsHKEHUSIX p-n TIEpexo/] BeIeT ceOsl KaK BhINPSIMUTENb
ToKa?

Kakoii sxcriepuMeHTaIbHbI METOJT UCIOIb3YETCs B paboTe sl U3MEPEHUsT aKTHBHOTO
COIPOTHUBIIEHUS Auoaa?

Kakoe ¢usnueckoe siBieHHe UCIOIB3YETCs ISl OXJIaKICHHS U HarpeBaHus padouel ka-
MepbI?

Kaxkune Toku 1omycTuMBIl B pekUMe HarpeBa paboueit kamepsi?

Kak n3mepsiercst Temmneparypa paboueil kamepsl B JaHHOU pabore?

13. p-n mepexom, KpoMe aKTHBHOTO COTIPOTHUBIICHHUS, XapaKTepH3yeTcsi eMKOCThi0. Ee Bemm-

YMHY MOYHO IPy0O OIIEHHTh KaK eMKOCTh KOHJIeHcaTopa ¢ ToimuHoi =1CI°cm u £ = 186.
BHocut nu Hanuyue 3Toi eMKOCTH CYIIECTBEHHYIO OMOKY B onpenenenun AV1

Paoora 11.5
TYHHEJIMPOBAHME B ITOJIVITIPOBOJIHNKAX



1. Yem oTnuyaroTcs BHIPOXKICHHbBIE MOIYIIPOBOAHUKHU OT HEBBIPOKIEHHBIX? I 1e pacnoa-
raercs ypoBeHb @epMHU B 3TUX MOJYIIPOBOJHUKAX?

2. B xakux noiaynpoBOAHHMKAX JOIMYCTHMO UCIOJb30BaHKE boJIbIIMaHOBCKOTO pacipeere-
HUS CBOOO/IHBIX HOCUTENEH 3aps/ia 1o sHEprusiM BMecTo DepMueBCKOro pacnpeaese-
HuA?

3. K kakum pusznyeckum cieacTBUSIM NPUBOAUT CHILHOE JIETHPOBAHUE MOTYTIPOBOIHUKOB,
o0pa3yromux p-n nepexoan’?

4. W300pa3uTe BOJbTAMIEPHYIO XapaKTEPUCTUKY TYHHEJIBHOTO IM0/1a, YKAKUTE Ha HEN
BETBb TYHHEJIMPOBAHUS U BETBb AU(PPY3HOHHOTO TOKA.

5. Kaxkue napamerpsl BAX onpeznenstor nosoxxenue ypopHet @epmu B MOIYIIPOBOAHUKAX
p-n niepexonaa?

6. KakoB MexaHM3M MPOXO0XKIAECHUS MPSMOT0 U 0OPAaTHOTO TOKA B TYHHEIBHOM JIH0JIe?

7. OOBsicHUTE pabOTy cxeMbl s osrydeHus: BAX TyHHEITBHOTO q10/1a - CTAaTUHYECKOH (110
TOYKaM) U JHHAMHUYECKOU (Ha 3KpaHe ocumuiorpada).

8. UeM 0OBACHUTH, UTO YACTh BOJHTAMIIEPHOIN XapaKTEPUCTUKU HE BUIHA HA IKCIIEPUMEH-
TajbHO NosyueHHO BAX?

9. Kakue npuMeHeHUs TYHHEIbHBIX IU0J0B Bbl MOXeTe MpeanoKuTh?

10. M300pa3ute cxeMy reHeparopa Ha TYHHEIBHOM Anoe. YeM onpeaensercs 4acTora u
TapMOHUYHOCTH KOJIeOaHUii 3TOro reHepaTopa?

11. Ouenure MOUTHOCTD U3IYUYEHHSI SKCIIEPUMEHTAILHON CXEMBbl FeHepaTopa Ha TYHHEJIbHOM
IUOJIE.

Pabora 10.2
SIAEPHBIN MATHUTHBIN PE3OHAHC
1.Kak paciieruisirorcs sJHepreTH4ecKrie YpoBHU aTOMHOTO si/ipa B MAarHUTHOM 110J1e?
2.Beipazute pazHocTh sHeprun AE Mexy coceTHUMH KOMIIOHEHTaMH SHEPTeTUYECKOTO
YPOBHS si/jpa B MarHUTHOM I1oJie B uepesg-daxTop (hakTop crieKTpoCKOMMYECKOro pac-
HIETIEHUS ) U AepHbII MarHeToH bopa.
3.Kakumu ¢opmynaMu onuCHIBatOTCS 3aCEICHHOCTH KOMIIOHEHT, 00pa3yIOIIUXCs U3 OJHOTO
anepHoro ypoBHs? TeMmneparypy cpeapl CYUTaTh U3BECTHOM, a 3aCEJICHHOCTH - CTallMOHAap-
HBIMH.
4. B yem 3akiroyaercs sBJIEHUE SIIEPHOTO MarHUTHOTO pe30HaHca?
6.ITo kakuM IpUYMHAM MOXET HapyLIUThCS PABHOBECHAS 3aCEIEHHOCTh, U KaKie B3auMo/ieii-
CTBUS IPUBOJAT K BOCCTAHOBJIEHUIO TEIIJIOBOI'O PaBHOBECHsA?
7.Ilpu KakuX yCIOBMSX HACTYIAET HACBIIIEHUE SIIEPHOTO MarHUTHOTO pe3oHaHca? [Touemy
BEJIMYMHA CUTHAJA s,IEPHOI0 MarHUTHOTO PE30HAHCa 3aBUCUT OT TeMIepaTypsl oOpa3ziua’?
8.Yto Takoe cnMH-CIMHOBOE B3auMo/ieiicTBue? KakoBa ero posib B yIIMPEHUH JIUHUY sITIEP-
HOTO MarHUTHOTO pe30HaHca?
9.Yto Takoe cnMH-penieTouHoe B3auMo ieiicteue? Kak oHO BIMSET HA BETMUYHUHY CUTHAIA U
HIMPUHY JUHUH SIIEPHOTO MarHUTHOTO pe30HaHca?
10.CxonbKo JTUHUHN S1€PHOr0 MArHUTHOTO PE30HAHCA MOKHO HAOJII0AaTh Ha Apax, CIIUH KO-
TOpBIX paBeH 1/2 u Ha siApax, CIIUH KOTOPBIX paBeH 3/27 MoxeT u HabmoaaThCs siIepHbIN
MarHUTHBIN PE30HAHC Ha s/Ipax, CIIMH KOTOPBIX paBEH HYIIO (KCTAaTH, TAKUX A1ep OOJbIINH-
CTBO)?
11.51nepHblif MAarHUTHBIN PE30HAHC JIOMYCKAET Kilaccuueckoe oObsicHeHue. PaccmarpuBast mpe-
[IECCHI0 MarHUTHOTO MOMEHTA sJIpa B MAarHUTHOM ToJie B, onpenenuTe KpyroByro 4acToTy
npeneccur. COOTBETCTBYET JIM 3Ta YaCTOTA SHEPTUU NEPEX0/1a MEKIY PACILETUBIIUMUCS
YpOBHSIMU siipa’?
12.113 kak1X OCHOBHBIX YacTel COCTOUT JIabopaTopHasi yCTaHOBKA I HAOMIOACHHUS SAEPHOTO
MarHuTHOTo pe3oHaHca? KakoBo ux HazHaueHue?



13.Kak BiusieT Ha cUrHaj siIepHOr0 MarHUTHOT'O PE30HAHCA HEOJHOPOJHOCTh MAarHUTHOTO
noJisi?

14.06bscHuTE, NOYEMY CTaJIbHOM IIAPUK, CBOOOHO JIEXKAIUI B FOPU30HTAIBHO PACHIOIOKEH-
HOU CTEKJIIHHOU TpyOKe, MOXKET CIY>KUTh UHIAMKATOPOM HEOJHOPOJHOCTH MarHUTHOTO
noJist?

15.Kak cnenyer opueHTUPOBaTh APYT OTHOCUTENIBHO JIpyra IOCTOSHHOE 110JI€ U MarHUTHBII
BEKTOP BBICOKOYACTOTHOTO I10JIsl IIPU MCCIIEI0OBAHUH SIAEPHOI0 MATHUTHOTO pe3oHaHca?

16./1;11 4ero B yCTaHOBKE MPUMEHSETCS MOIYJISIIMSA TOCTOSIHHOTO MarHUTHOTO ToJsi? M3 Kakux
coo0pakeHHI BHIOMPAETCS aMIUIMTY1a MOAYJISILIAN?

17.Kak u3mepsiercs BeNUYMHA UHAYKIIMHA TOCTOSTHHOTO U MOJYJISIIIMOHHOTO MarHUTHBIX TO-
nei? Kakue emie crmocoObl H3MEPEHHS BBl MOYKETE MTPEIJIOKHUTH?

18.0uennTe MaKCUMaIbHYIO YaCTOTY MOJYJISIIIUM MarHUTHOTO TOJISI, IPH KOTOPOH €Ile MOXKHO
HaOJII0AaTh JIMHUIO SIIEPHOTO MAarHUTHOTO PE30HAHCA OT sIep BOAOPOa B UUCTOM Boje?

19.1Touemy npu 106aBIECHUH K YHCTOW BOJIE TPEXXJIOPUCTOTO JKeIe3a yaeTcss HabIoaaTh JIn-
HUIO SIIEPHOTO PE30HAHCca OT sZiep BOJOPOJa IpH yacToTe Moy sy noist 50 I'u?

20.ITouemy mMpHHA JTUHUAU SAEPHOTO MATHUTHOTO PE30HAHCA 3aBUCUT OT XUMHUYECKOTO CTPOE-
HUS MOJIEKYJIBI M arperaTHOro COCTOsIHUS oOpasia?

21.YcraHoBKa 1151 HAOMIOIEHUS SIIEPHOTO MAarHUTHOTO PE30HAHCA MOYKET OBITH MCIIOJIb30BaHA
JUIS U3MEPEHUs] MHIYKIIMYM MarHUTHOTO oJis. B kakoM auana3zoHe MHAYKIUI MarHUTHOT'O
TIOJIS1 MO’KHO MPOM3BOANTEH U3MEPEHUS Ballle yCTaHOBKOM, HCIIOJNIB3Ys 00pa3Ibl U3 PE3UHEI
u TeoHa?

22.B nabopaTtopHo#i paboTe g-hakTop saep Gpropa U3MEPSETCs UK MPH MOCTOSTHHON WHIYK-
IIUM MarHUTHOTO TOJIsI, MJIM IIPU TIOCTOSIHHOM 4aCTOTE BBICOKOYACTOTHOTO MoJIs. B kakom
Clly4ae MOTPEeIIHOCTh U3MEPEHNUs g-(hakTopa OKa3bIBAETCS MEHbIIIE?

Pab6ora 4.3

M3MEPEHUE KOHTAKTHOM PABHOCTH ITOTEHIMAJIOB B ITOJIYITPOBOJHUKAX

1. TTouemy npu COMPUKOCHOBEHUU JIBYX MPOBOSIINX dIIEKTPUUECKHI TOK MAaTepUATIOB BO3HU-
KaeT KOHTAKTHasl Pa3HOCTh MOTEHIINAIOB?

2. Kakoii Bu1 umeet QyHKIMS pacpeeNeHus dIEKTPOHOB B MOJHOCTHIO 3aMIOJTHEHHON Ba-
JICHTHOU 30HE?

3. Uro takoe “mpipka”? KakoBsl ee 3apsa u Macca? OOBACHUTE, TOYEMY C IIOMOIIBIO “IBIPOK”
MO>KHO XapaKTEePU30BaTh KOJIJICKTUBHBIC COCTOSIHHS DJIEKTPOHOB B MTOYTH 3aNIOJIHEHHBIX 30-
Hax?

4. KaxoBbl pa3mepbl 00J1aCTH, B KOTOPOH JIOKaJIN30BaHa KOHTAKTHAsl Pa3HOCTh MOTEHLIUATIOB?
OauHAaKOBBI JIM 3TH Pa3Mephl y Pa3HbIX METAJJIOB U MOJYIPOBOJHUKOB?

5. B kakyro ctopoHy cMmeniaercsi ypoBeHb DepMu B MOTYNPOBOTHUKAX JI-TUTIA TTO CPABHEHHUIO

¢ OecrpruMeCHBIMH TOTYTPOBOTHUKAMU ?

Kakune HocuTenu 3apsia Ha3bIBAIOTCSI OCHOBHBIMU?

7. BoO3HUKAaeT M KOHTAaKTHasl Pa3HOCTh MOTEHIIMAIOB HA TPaHHIle COOCTBEHHOTO U MPUMeEC-
HOTO IOJIYIPOBOJJHUKOB?
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8. Ilpu kakux TeMmeparypax U HapsDKEHUSX p-n TIepeXo BeleT ce0sl KaK BBIIPSIMUTEINb
ToKa?

9. Kakoii sxcriepuMeHTaIbHBINA METOJ] UCTIONIb3YeTCsl B padoTe /Uil U3MEPEHUsI aKTUBHOTO CO-
IPOTUBJIEHUS 1uona?

10. Kakoe ¢u3nueckoe siBI€HUE UCTIONB3YETCs ISl OXJIXKICHHS U HarpeBaHus padouei Ka-
Mepbl?

11. Kakue TOKU AOMYCTUMBI B pexXHMe HarpeBa padboueil kamepsi?

12. Kak u3mepsiercs Temreparypa padboueii kamepsl B JaHHOW padore?

13. p-n nepexon, KpoMe aKTUBHOT'O COMPOTHUBIICHHUS, XapaKTepU3yeTcs eMKOCThI0. Ee Benu-
YMHY MOYHO IPy06O OIIEHHTh KaK eMKOCTh KOHIeHcaTopa ¢ TojmuHoi =1CIPcm u £ = 16.
BHOCHUT 711 HaM4YKe 3TOM €MKOCTH CYIIECTBEHHYIO OIMOKY B onpeaeneHnnn AV1

14. Kak BbI OIIEeHMBAETE MOTPEIIHOCTh B ONPECICHIN HAKIOHa rpaduka

15. B netictButenbHOCTH B hopmyiie (19) A He siBAseTCA KOHCTAHTOM, @ MOXKET OBITh OIH-
caHa creneHHoi pyHkuuei Temnepatypsl 7. KakoBa Oyner ommbka B onpenencann AV,
ecin A °0 T2, a Bel 310 He ywiu npu 06paboTKe pPe3ynbTaToB?

Paoora 8.1

OIMPEAEJIEHME ITOCTOAHHBIX CTE®AHA- BOJIbBIIMAHA U TIJTAHKA N3 AHA-
JIN3A TEIUIOBOI'O U3JIVUHEHW A HAKAJIEHHBIX TEJI

1. Yro Ha3bIBaeTCs paBHOBECHBIM TEILJIOBBIM U31y4EHHEM?

2. Yto Ha3bIBaeTCs UCIYCKATEIBbHOM U MOrIomareabHoi crnocooHocThio Tena? Chopmynu-
py#ite 3akoH Kupxroga. Uto Takoe abCONOTHO YepHOE Teso?

3. Kakas runoresa j1eHUT B OCHOBE BbIBOJIOB (hopMyJibl [anka ass TernoBoro n3inydeHus ao-
COJIFOTHO Y€pHOTO Tesa’?

4. Kak u3 popmynsl [1nanka nonyunts 3akoHsl Buna u Credana- boabimana?

. Uro takoe cepoe teno? Kak chopmynuposars 3akoH Credana- bosbiiMana ajist ceporo

Tena?

6. Uro Ha3bIBaeTCS APKOCTHOM TemriepaTypoid Tena? B dem 3akimrodaercs MpUHIHIT paboThI M-
pOMeTpa ¢ ucue3arolle HUTb?

7. Moxer 11 sip KOCTHas TeMIepaTypa 3aBUCETh OT JJIMHBI BOJIHBI, HA KOTOPOI paboTaeT cBe-
TOQUIBTP, UCIIONB3YEMBIH B TupomeTpe?

8. SIBnsercs nu U3MydYeHUE HCCIIEeyeMOl pacKajJeHHOH criupaiy paBHOBecHBIM? [lodemy ee
U3JIy4eHue JT0JKHO MOAYMHAThCA 3akoHy Ctedana- boapiimana?

9. Ilpu razoBOM pa3psije TaKKe MPOUCXOIUT H3ITyUSHHE DIIEKTPOMArHUTHBIX BOJH. SBisercs
3TO U3ITyYEHUE PABHOBECHBIM U TEIUIOBBIM?

10.1300pa3uTe ONTUYECKYIO CXEMY MTUPOMETpPA € MCUE3a0Iei HUTHIO U OOBSICHUTE TIPHHIINTT
ero paboThI

11.C n1000T0 1M pacCTOSTHUS MOXHO U3MEPUTH SIPKOCTHYIO TEMIIEPATYPY MPHU MTOMOIIU MTHUPO-
meTpa?

12.3aBHCHT 11 BETMYMHA U3MEPEHHON IPKOCTHOM TeMIIepaTyphl OT PACCTOSHUS MEX1Y IO~
BEPXHOCTBIO HAKAJIEHHOT'O TeJIa U IMPOMETPOM?

13.Nmeet nu 3HaYeHHE PopMa CEUCHUS “MCUE3arOIIeH” HUTH B MUpOMETpe (KPYTJiask HITH Tpsi-
MOYTOJIbHAs) [l TOYHOCTH U3MEPEHUs IPKOCTHON TeMnepaTypbl?

14. 93¢ dexTrBHAas MIOMIAAL U3ITYUESHNUS HUTH JIAaMITbl HAKAJIIMBAHUS [TPOBEJIEHA B OMMCAHUU K
pabote ans remnepatypsl cBbiiie 1500 C. MoKHO 1M HCHOIB30BaTh 3TO 3HAYCHHE TUIOIAIH
U3ITyYeHUS] HUTH JUIsl MEHbIIeH TeMiepaTypbl HUTH?

15.Kak cka3bIBaeTCs Ha TOYHOCTH OIpEesIeHHs G U h 0TBOJ Temia OT HUTH HaKaJUBaHUS IO
MOJJIEP>KUBAIOIIUM €€ BOJIb(PAMOBBIM HOXKKaM?

16.Kaxkyro wacts kpuBoii 1n(1I" )= LIT) cnexyeT ucnonp30BaTh AJs ONpeAETICHHS 3HAUeHUN G 1
h?
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17.C kako# 11eNbp10 TIPH BCEX U3MEPEHUSAX IPKOCTHOU TEMIIEpaTypbl TUPOMETPOM HCITONIb3Y-
eTcs KpacHblil cBeTopUIbTp?

18./17151 yero npu U3MEpEHUU MUPOMETPOM OoJiee BBICOKUX TeMIIepaTyp BBOJUTCS AOMOJHU-
TENBHO CEPhIi CBETODUIBTP?

19.Mo:XHO 11 ¢ TOMOUIBIO TUPOMETPA C UCUE3AOIIEH HUThIO U3MEPUTH TEMIIEPATYPy MOBEPX-
Hoctu Cosnnia?

20.Kak, ucnonb3ys 3akoH cMmelieHus: Buna, onpenenuts temieparypy nosepxHoctu Connua?

4, Kputepuu oueHUBaAHUS

[To pe3ynbraTam moAroTOBKH padboTy BhicTaBisiercst oT 0 10 10 6anmioB coriiacHO YpoOBHIO MOATO-
TOBKH cTyzeHTa. [1o pe3ynbraram ciaum BeictaBisiercs oT 0 10 10 6aiioB coryiacHO YpOBHEO MO~
TOTOBJICHHOTO OTYETa U 3HAHUHU CTyAEHTA. M3 moiydeHHBIX 0aJIoB 3a KXY paboTy paccyu-
TBIBACTCS CPEIHUI O

Orenka Baier
10
OTJINYHO 9
8
7
XOPOIIIO 6
5
4
YIIOBJICTBOPUTEIHHO 3
HEY/IOBJICTBOPUTEIILHO i

W3 monydeHHBIX 0a/UIOB 32 KaXAyI0 pabOTy pacCUMTHIBAETCS CPEAHHI Oaii, KOTOpbI ompene-
JIIET OLICHKY 3a 3a4€T.

Onenka «oTm4Ho (10)» BbICTaBiIsIETCS CTYEHTY, IOKa3aBIIEMY BCECTOPOHHUE CUCTEMAaTH3UPO-
BaHHbIE [NTyOOKHE 3HAHUs y4yeOHOM MporpaMMel U 3a €€ MpesienaMu, a TakKe YMEHUE YBEPEHHO
MPUMEHSTh UX HA MPaKTUKE IPU BBIIOJHEHUH U cAaue J1abopaTOpHOU paboTHl.

Ornenka «oTan4Ho (9)» BBICTABISIETCS CTYACHTY, TIOKa3aBIIEMy BCECTOPOHHUE CHCTEMAaTH3HPO-
BaHHbIE NTYOOKHE 3HaHUS y4eOHOM MPOrpaMMbl U YMEHHUE YBEPEHHO IPUMEHSTh UX Ha MPAKTHKE
IIPU PELICHNN HECTAaHIAPTHBIX 3a]1a4.

OrneHka «0TJM4YHO (8)» BBICTABIAETCS CTYACHTY, MMOKa3aBIIEMy BCECTOPOHHUE CHCTEMAaTH3UPO-
BaHHBIE TNTyOOKHE 3HAHUA YUeOHOM MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSTh UX Ha MIPAKTHKE
TP BHITIOJIHEHUH U Cade TaOOpaTOpHOU pabOThI, OHAKO JOMYCTUBIIEMY HEKOTOPBhIE HETOUHO-
CTHU IIPU OTBETE.

OrmeHka «xopouio (7)» BBICTaBISETCS CTYICHTY, €CJIM OH IPOJIEMOHCTPHUPOBAJI TBEPOE 3HAHHUE U
YBEpEHHOE MOHMMAaHNUE MaTepHalia yueOHOW MporpaMmbl U YMEHHE CBOOOJHO MPUMEHSTH (pu3u-
YeCKHe 3aKOHBI Ha MIPAKTUKE MPU BBINOJHEHUH U cjaue 1abopaToOpHOU pabOTHl.

Onenka «xopouio (6)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOAEMOHCTPHPOBAN TBEPJIOE 3HAHUE
MaTepuana y4eOHON mporpaMMbl U YMEHUE MPUMEHSTh (PU3NYEeCKHe 3aKOHBI HA MPAKTUKE MpU
BBITOJIHEHUH U cJlaue J1abopaTopHOM paboThI.



Orernka «xopoio (5)» BBICTABISIETCS CTYAEHTY, €CIIH OH MPOIEMOHCTPHUPOBAIT TBEPIOC 3HAHUE U
NOHMMaHHEe MaTepuana ydeOHOU MporpaMMbl U YMEHHE MPUMEHATH (PU3MUECKUE 3aKOHBI HA ITPaK-
THKE ITPH BBITIOJIHEHUH U ¢ZIa4e JIA00PaTOPHOU paboThI, OJTHAKO JOMYCTHII IIPH OTBETE PSiA TPYOBIX
HETOYHOCTEH.

O1ieHKa «yT0BJIETBOPUTEILHO (4)» BBICTaBIISICTCS CTY/ICHTY, IOKa3aBlIeMy (pparMeHTapHbIN Xa-
paKTep 3HaHUH, JOITyCKaBIIEMY HETOUHOCTH B ()OPMYJIMPOBKE OCHOBHBIX 3aKOHOB M Oa30BbIX 110~
HSTHIA, HO IIPU 3TOM IPOJIEMOHCTPUPOBABIIEMY CIIOCOOHOCTD BBITIOIHATH OCHOBHBIE 3a/1aHUS TTPU
BBINOJIHEHUH U cjaue J1abopaTopHOM paboThI U BiaJleHHE OCHOBHBIMU pa3jielaMu yueOHOi npo-
rpaMMbl, HEOOXOIUMBIMHU ISl JalbHEUIIEro o0yueHusl.

O1eHKa «yTOBJIETBOPUTENBHO (3)» BBICTABIISICTCS CTY/ACHTY, IMOKAa3aBIIEMy CHJIBHO (pparmMeH-
TapHBIA XapakTep 3HaHUH, JOIyCKaBIIEMY IpyOble OINOKHU B (POPMYITHMPOBKE OCHOBHBIX 3aKOHOB
1 0a30BBIX MMOHATUH, HO IPY 3TOM IIPOJAEMOHCTPUPOBABILIEMY CIIOCOOHOCTD IIPH ATOM MPOJEMOH-
CTPUPOBABILIEMY CIIOCOOHOCTh BBIIIOJIHATH OCHOBHBIE 33JJaHUS IIPU BBIIIOJHEHUH U cllaye Jlabopa-
TOpPHOU pabOTHI U BJa/leHUE OCHOBHBIMH pa3jieliaMi y4eOHOU MpOorpaMMbl, HEOOXOAUMBIMU IS
JanpHeimero ooy4eHus.

Ol1leHKa «HeY/0BJIeTBOPUTEIbHO (2)» WK «HeyT0BJeTBOpUTeNabHO (1)» BhICTaBIseTCS CTY-
JIEHTY, KOTOPBI HE 3HACT 3HAYUTENIHHYIO YaCTh OCHOBHOTO COJIEP KaHUS IPOrPAMMBbI, CUCTEMa-
TUYECKH JI0MyCKaeT rpyObie omuOKH nmpu GopMyTUPOBAHUN OCHOBHBIX (DM3MUYECKUX 3aKOHOB
WM HE CTIOCOOCH KOPPEKTHO MPUMEHSATH (PU3HUYECKUE 3aKOHBI JTAXKE JUTsl PEIICHUS TPOCTHIX 3a-
Jad.

5. Metoauyeckue MaTepuasibl, onpe/iesiomue Npoue1ypbl OLeHNBAHUS 3HAHUI, YMeHMI,
HABBIKOB M (WJIH) ONBITA 1eATEJIbHOCTH

3ader B KaXKJI0M CEMECTpE MPOBOIUTHCSA 10 UTOTaM TEKYIIEH ycreBaeMOCTH (pe3yabTaTaM

cla4M JJabopaTOPHBIX paboT)



