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1. IIEJIA U 3AJAYA TACHUATIINHBI

1.1. Heau AMCHUNIHHBI

[lonyueHue cTyaeHTaMH 3HAHUM OO0 OCHOBHBIX KOHIIETIUSAX KBaHTOBOU
MEXaHUKHU

1.2. 3agauu ocBoeHHS TUCIHUIIIINHBI

MaremMaTtrdeckui anmnapar KBAaHTOBOM MEXaHUKH.

ITpumepsl pemienuii ypasaenus Llpenunrepa.

MomeHT uMnysbca B KBAHTOBOM MEXAHUKE.

JIBHKE€HUE Y4aCTULIbI B LIEHTPAIIbHO-CUMMETPUYHOM IIOJIE.

®U3UYECKUE OCHOBBI KBAHTOBON MeXxaHUKH. CIIHH.

Teopust BOSMYILEHUH, ITIEPEXOBI.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII
Jucnunauaa «KBaHTOBass MEXaHHWKa» OTHOCHTCS K JMCIUILIMHAM 0a30BOM
yactu O10ka B1.

3. MEPEYEHDb [INTAHUPYEMBbIX PE3YJIbTATOB OBYUEHUA 11O
JAUCHOUIIINHE

[Tponiecc m3yuenust auciuruinHbl «KBaHTOBass MEXaHUWKa» HaIpaBleH Ha
dbopMHUpOBaHUE CIENYIONUX KOMIETEHIUN:

OIIK-1 - CrocobeH pemaTh 3afa4u NpodeccuoHaIbHOM AESTEIbHOCTH Ha
OCHOBE MPUMEHEHHsI €CTECTBEHHOHAYUHBIX U OOIIEUH)KEHEPHBIX 3HAHUH, METO/I0B
MAaTE€MAaTHYECKOTO aHAJIN3a U MOJEIUPOBAHUS
Pe3yabTaThl 00yueHHs, XapaKTepUu3ywIimue

chopMHPOBAHHOCTH KOMIIETEHIIUH
OIIK-1 3HaTh OCHOBHBIE TMOJOKEHHUS HEPEIATUBUCTCKOM
KBAaHTOBOM MEXaHHUKH;

Komnerenuusa

YMeTh MmoJIb30BaThCS TEOPETUUECKUMH 3HAHUSMHU TIPU
aHaIM3e Pa3HOOOpa3HbIX SABJICHUN B TBEPbIX TEIaX
(mOMynpoOBOJIHMKAX, METaJUlax, IUAJIEKTPUKAX);

Bnaners HaBbIKaMM MTPOBEACHUSA KAUECTBEHHBIX
TEOPETUUYECKHUX OLICHOK SIBICHUHA B MUKPOMMPE C
MO3UIIUA KBAHTOBOU MEXAHUKHU.

4. OFBEM N CHUITJIMHBI
OO6m1ast Tpy10€MKOCTh MUCIUILTNHBI «KBaHTOBas MEXaHWKa» COCTaBisieT 4
3.€.
Pacnpenenenne TpynoeMKOCTH AUCHMIUIMHBI 10 BUAAM 3aHITUN
o4yHas popma 00ydeHus

CeMecTphl
Bcero P

4acoB
3)

Buabl yuebHoit paboThI




AyIuTOpHbBIE 3aHATHSA (BCEro) 54 54
B ToMm uucne:

Jlexuuu 36 36
[Tpaktuueckue 3austus (113) 18 18
CamocTosiTeqibHasi padoTa 54 54
Buael npomMexyTO4YHOM aTTECTalUy - 3a4eT + +
OO6m1ast Tpy10€MKOCTh

aKaJeMHYECKUE YaChI 108 108
3.€. 3 3

5. COJAEP)KAHUE JUCLUTIJIMHBI (MOLY.JIS)

5.1 Copep:xxkanue pa3gejoB JAUCHUIVIMHBI MW pacnpeaeieHue
TPYAOEMKOCTH 110 BUAAM 3aHATHHI
o4yHasi popma o0ydeHust
Ne i/t HaumenoBanue TeMbl Conepxanue paszena Jlekn I;ISSK CPC Bflzl;o’
1 [OcHoBHBIE HOHATHUS 3HayeHue W 3amadud
KBAHTOBOM MeXaHUKH |Kypca «KBaHTOBas MeXaHUKA U

CTaTUCTHYECKAS buzukay.
CooTHollIeHHE MEXKTY
KJIaCCHYEeCKON H  KBaHTOBOU
MEXaHUKOM.
KopnyckynispHO-BOJHOBOM
nyanmusMm. Oddexkr Komnrona,
dboTosnexkTpudeckuii AP HeKT.
Hudpakums 3JICKTPOHOB.
IlpyHnun HeompeAeIeHHOCTEN
I'eitizenbepra. Bosnbl e
bpoits.
BonHoBas GbyHKIMS. 12 6 30 48
TpeboBanusi, MpeabABIIEMbIE K
BOJIHOBBIM GbyHKIMSIM B
KBAaHTOBOM MEXaHUKE.
IInoTHOCTH pacrnpeneneHus
BEPOSITHOCTH. Hopmuposka
BOJIHOBO#1 (byHKIHH.
CoOcTBeHHBIE 3HAYCHUS

¢u3nueckux BeanuuH. [TpuHmn
cyneprno3urui.  CoOCTBEHHBIE
GyHKIMM U cOOCTBEHHBIE
3Ha4YeHUs (PU3NYECKUX BEITHYHUH.
KBasuknaccuueckasi  BOJHOBas

byHKIHS




OneparopHas
(bopmynupoBKa
KBaHTOBOM MEXaHUKHU

OnepaTopsl (busznueckux
BEJIWNYNH. Hcnonb3oBanue
JIMHENHBIX CaMOCOIIPS’)KCHHBIX
OTICPAaTOPOB I M300pakeHUS

buznuecKux BEJIMYUH B
KBaHTOBOM MEXAHUKE.
CoGctBennble  QyHKIMH U
cOOCTBEHHBIE 3HAUEHUs
oneparopoB. CpeaHue 3HaYeHUs
duznIecKux BEITUYMH.
JIuneiinele, 3PMUTOBBI
oneparopel. OpPTOroHAILHOCTH
COOCTBEHHBIX byHKITII
SPMUTOBBIX OTIepaTOpPOB.
KommyTranus OIEPaTOPOB.
KommytaTop. OcHoBHBIE

JNEUCTBHSL €  OIepaTopaMu:
CII0KECHHE u YMHOKCHHE
OIIEpPaTOpOB.

HenpeprsiBHBII CIIEKTD
COOCTBEHHBIX 3HAYCHUN
oreparopa. OJEMEHTbl TEOPUU
MPEJCTABICHUH .

OOmui MeTod BBIYHUCICHUSA
BEPOSITHOCTEMN pe3yabTAaTOB
M3MEPEHUI.

Oneparop umnynesca. Oneparop
MOMEHTa UMITyJIbCa B
chepuueckoit cucreme
koopauHar. OnepaTop KBaapara
MOMEHTa UMITYJIbCA.
CoOcTBeHHBIE ~ (QyHKIMH U
cOOCTBEHHBbIE 3HAUEHHUS HSTHUX
OIIepaTopoB.

Omneparop ["amusnbTOHA (MTOJIHOM
SHEPTHH).

Bun oreparopa B
IIPOU3BOJILHOM IPEICTABICHUM.
HuddepennupoBanue
OIIEPATOPOB 110 BPEMEHH.

12

30

48

YpaBHeHue
[Ipeaunrepa

Bpemennoe ypaBHEHUE
penunrepa.  CranuoHapHBIE
COCTOsIHUS. BexkTop MIOTHOCTH
IIOTOKA COCTOSIHU M.

[Tanenwue YaCTHUIIBI Ha
MOTEHIUATBHYIO CTYIIEHbKY HIIN
Oapwep. [IpoxokaeHne JacTUIlbI
4yepe3 TMOTEHIUANBHBIN Oapbep.
TyHHETbHBIN s dexr.
Kosdpduiment otpakenus wu
KOXPOUIIUEHT  MPOXOKICHHUS.
[IposiBnenus TYHHEJIHHOTO

12

30

48




addexkra: ABTOXJIEKTPOHHAS
OMHCCHSI, WOHHM3AIMs Ta30B B
CHJIBHOM DJJIEKTPUYECKOM IIOJIE,
palMOaKTUBHBIN O.-pacmnaf..
TpexmepHbIil MNOTEHIMAIbHBIN
Oapbep. Mogenb
Kponunra-IlenHn.

Yacruna B 0eCKOHEYHO
TyOOKOUW TMOTEHIIMAIBHON sSMe.
JBymepHas MOTECHIUAIbHAs
ama. OmgHOMEpHas KBaHTOBas
sMa KOHEYHOH  TITyOMHBI
CoOctBeHHble  QYHKIMH |
YPOBHU DHEPIHH..

JInnennbIi rapMOHMYECKUI
OCIIUJUISATOP. Pemenue
ypaBHenus1 IllpenuHrepa mis
HaXOXK/JICHUS CTallMOHAPHBIX
COCTOSIHUI OCLIIIIATOPA.
CpaBHUTENBHBIN aHau3

MOBEJCHMUS KJIACCHYECKOTO |
KBaHTOBO-MEXaHHYECKOTO
FapMOHHUYECKOTO OCIUJUIATOPA.
Hynesas sueprusi. CoOCTBEHHBIC
(GYHKIIUY U YPOBHH SHEPTHUH.
TpexmepHbIi TapMOHUYECKUI
OCHHJLIIATOP .

JIBmkenue YACTHUII B
LHEHTPAIbHO-CUMMETPUYHOM
nojie. ATom BojiopoJia. Pemenue
ypaBuenusi penunrepa s
HaXOXKJICHUS CTallMOHAPHBIX
COCTOSIHMI BOJIOPOJOIIO00HOTO
atoma. BomHoBas  QyHKIuUs
atroMa Bojiopoja. KBaHTOBBIE
qHCIa. Bripoxenue 10
OpOUTAILHOMY KBaHTOBOMY
YUCIy W 10  MarHUTHOMY
KBaHTOBOMY uuciy. KpatHocTh
BBIPOKICHUS .

MarunuTHele CcBOMCTBAa aromMa
BOJIOPOJA.

CnuH. BonHoBble  QyHKIUU
yacTULbl co cnuHOM. Omneparop
crimHa. CoOCTBEHHBIC 3HAYCHUS
u COOCTBEHHBIC byHKIIH
omneparopa CmHa

HUroro 36 18 54 108

5.2 IlepeyeHsb J1aDOPATOPHBIX PadoT
He npenycmoTpeno y4eOHBIM IaHOM




6. IPUMEPHAS TEMATHUKA KYPCOBBIX ITPOEKTOB (PABOT)
N KOHTPOJIBHBIX PABOT

B coorBercTBUM ¢ y4YEOHBIM IIJJAHOM OCBOCHHME JUCHUIUIMHBI HE
MpeaycMaTpUBAET BBIMOJHEHUE KYPCOBOTO MpoeKTa (paboThl) WM KOHTPOJBbHOU

paboTHI.

7. OHUEHOYHBIE MATEPHAJIBI IS ITPOBEJAEHUSA

MNPOMEXYTOUHOU ATTECTAIIMY OBYYAIOIIUXCS MO

JTUCLUATIIAHE

7.1. Onucanue moka3artejieii U KpUTepUEeB OLECHMBAHUS KOMIETEeHIUIA
HA Pa3JIMYHBIX 3TANaxX X GopMUPOBaAHUS, ONTUCAHUE KA OLEHUBAHUS

7.1.1 dTan Tekymero KOHTPOJsi

Pe3ynbTaThl TEKyIIEro KOHTPOJISI 3HAHUW U MEKCECCHOHHOM aTTecTaluu
OIICHUBAIOTCS T10 CIEAYIONIEH CUCTEME:

«aTTECTOBAHY;

«HE aTTECTOBAH.

PesynbTarbl 00yueHusl,

Kommne- XapakTepusymwliue Kpurtepun
PAKRTEPUIVIOIL purep ATTecToBaH He aTTecToBaH
TEeHIHSI copmupoBanHoCTH OLIEHMBaHUS
KOMIIETEHIIUH
OIIK-1 Tectsl, pemienue Bemonuenue pador B Hesrimonuenue

3Hath OCHOBHBIC

3aJa4, OTBCThI HA

CPOK,

padoT B CpOK,

HOJIOKCHNA IIPAKTUYECKUX IIPElyCMOTPEHHBIN B | IPELyCMOTPEHHBIH B

HepeJI}ITI/IBI/ICTCKOﬁ 3aHATHAX, pabouux mporpammax pabounx

KBAHTOBOM BBINIOTHEHHE nporpamMmax
CaMOCTOSITENIbHBIX

MCXaHHUKH, pabot

ymets II0JIb30BATHCS TecTsl, peleHue Bemonaenne padot B Hesbmonuenue
3ajia4, OTBETHI Ha CPOK, paboT B CPOK,

TCOPETUICCKUMU MPaKTHYECKUX MPEyCMOTPEHHBIN B | IPEAYCMOTPEHHBIH B

3HAHUSMU IIPU 3aHATHAX, pabouux mporpammax pabounx

aHAI3e BBINIOJTHEHHE nporpamMmax
CaMOCTOSITENIBHBIX

pa3HO00pa3HBIX paor

SIBIICHUU B TBEPJBIX
Tenax
(MOTynpOBOIHUKAX,
MeTasax,
JUAJIEKTPUKAX);

Biagers HABBIKAMH
MPOBEACHHUS
Ka4eCTBECHHBIX
TEOPETUYECKUX
OIICHOK SIBJICHUM B
MHKPOMUPE C
MMO3UIINI KBAaHTOBOM
MEXaHHUKH.

TecTsl, peleHue
3aj/1a4, OTBETHI Ha
MIPAaKTHYECKNX
3aHATHAX,
BBITTOJTHEHHE
CaMOCTOSITEITBHBIX
pabot

Brmonaenue pabot B
CPOK,
MPEeyCMOTPEHHBIN B
pabodux mporpaMMax

Hespimonnenue
pabot B CpoK,
MIPE1yCMOTPEHHBIN B
pabounx
porpammax

7.1.2 JTan npoMeKyTOYHOT0 KOHTPOJIS 3HAHUI
Pe3ynbTaThl IPOMEKYTOUYHOTO KOHTPOJISI 3HAHUN OIIEHUBAIOTCS B O CEMECTPE
JU1s1 OYHOU (POpMBI 00YUYEHUS 1O YEThIpeXO0arIbHON cucTeMe:




«OTIIUYHOY;

«XOPOLLIO»;
«YZOBJIETBOPUTEIBHOY;
«HEYJIOBIIETBOPUTEIBHO.

PesynbraTbl 00y4yeHus, KpnTepml
Komme- XapaKTepu3youue
onenuBanu | OTimyno | Xopomo Yaosa. Heynos.
TeHIHH copMHPOBAHHOCTH
KOMMNeTeHIHI i
OIIK-1 3HaTs OCHOBHBIE Tect Brmonnen | Bemmonnenu |  Brmmonnenne B Tecte menee
ve TecTa Ha| e Tecta Ha |Tecta Ha 70- 80% 70%
ITOJIOKCHUA 90- 100% | 80- 90% MPaBUIIBHBIX
HEPCIIATUBUCTCKO OTBETOB
i KBaHTOBOM
MCXAaHUKH,
YMETh Pemenue 3amaun | [Ipomemonc | IlpogemoHCTp 3angaun He
[IOJIb30BATHCS CTaHJAPTHHI | PEIICHBI B | TP HPOBaH | MPOBAaH BEPHBIMA PpeIIeHBI
X TIOJTHOM | BEPHBIN X0/ | XOJ pEIICHHUS B
TCOPETUICCKUMU MPaKTUYeCK | 00beMe U | pelIeHus OOJILIINHCTBE
3HAHUAMMU [IPU HX 3a1a4 TIOJTY4YeHBI | BCeX, HO He 3a7a4
BeprIe nonyqu
aHaJIn3e OTBETHI BEPHBIN
Pa3HOOOPa3HBIX OTBET BO
SIBJICHUH B Beex
3a7a4ax
TBCPABIX TCJIAX
(HOJIprOBO,IIHI/IK
ax, MeTajiax,
,III/IC-)JIGKTpI/IKaX);
razers HABBIKAMU Pemenue 3amaun | [Ipomemonc | IIpomemoncTp 3agaumn HEe
MPUKJIAAHBl | PELICHBI B | TP UPOBaH | MPOBAaH BEPHBIH PpeIIeHbI
HIPOBCIACHHUA X 3a/1a4 B TOJTHOM | BEPHBIN X0/ | XOJ peIIeHHs B
KadeCTBEHHBIX KOHKpPETHOH | o0beMe U | pelIeHus OOJIBIIMHCTBE
TEOPETHUYECKIX MPEAMETHOH | TIOTyYeHBI | BceX, HO He 3a1a4
_ [obmactu BEpHBIC MOTY4eH
OILICHOK SIBJICHUU OTBETHI BEPHBIN
B MUKPOMHPE C OTBET BO
o BCEX
JRL0)E) 70005041 3a1a9ax
KBaHTOBOM
MECXAaHUKMH.

7.2 TlpumepHblii mnepeYyeHb  ONEHOYHBIX CPeACTB  (TUMOBBIE
KOHTPOJIbHbIE 3aJaHUSl WJIM MHbIe MAaTepHaJibl, HeOOXOAUMBIE JJIsl OLEHKHU
3HAHMH, YMEHU, HABBIKOB M (MJIM) ONbITA AeSITEJIbHOCTH)

7.2.1 IlpuMepHbIii NepevyeHb 3aIaHUI /151 MOATOTOBKH K TeCTHPOBAHMIO
1. Onpenenuts JMHY BOJIHBI A€ Bpoins s sneKkTpoHa, HaXOJAIIErocsl B aTOMe

BOJIOPOJia HA TpeTher O0poBCcKo opouTe [1 HM]

2. lupuna cnena snektpona (obmagaromniero kuuerndeckon sueprueit T = 1,5 kaB)

Ha GOTOIIACTUHKE, TOJYYEHHOTO C TOMOIINBI0 KaMmephl BuibcoHa,
coctaBiaeT AX = 1 mMkM. OnpenenuTb, MOXKHO JUM MO JAHHOMY CJEIy
0O0HApYXUTh OTKJIOHEHHWE B JBIJKCHHE DJIGKTPOHA OT 3aKOHOB
KJIAaCCUYECKON MeXaHuku  [Ap / p =10, HET|



3. BonHoBast QpyHKIIMS, ONUCHIBAIONIasi OCHOBHOE COCTOSIHME 3JIEKTPOHA B aTOME
BOIOPO/Ia, MMEET BH/ v () =Ae "% rae r — paccrosirue
AMEKTpOHA JO0 siApa; & — NepBbId OopoBckuit paaumyc. OnpenenuThb
HanOoJiee BEPOSTHOE PACCTOSHUE g SJICKTPOHA 10 sijpa [Ig = a]

4. DnekTpoH c 3Heprueil E =43B aBuxkeTcs B MOJI0KUTEILHOM HAIlPaBICHUU OCH X,
BCTpeYass Ha CBOEM INyTH HPSIMOYTOJbHBIM MOTEHIHAIbHBIA Oapbep
BeicoToit U = 103B u mmpunoii | = 0,1 am. Onpenenuts kodpdurment D
IPO3PAYHOCTH MOTEHIMATBHOTO Oaphepa. [0,1]

5. O6T:>$ICHI/ITB, IIpU KaKUuX YCJIOBUAX K IJJICKTPOHAM B MCTAJJIC IMPHUMCHHMA: 1)
KiIaCCHUYCCKasd CTaTUCTHUKA, 2) KBAaHTOBAA CTaTUCTHKA.

6. DIEKTPOH HAaXOAUTCS B OECKOHEUHO TIIYOOKOM MPSIMOYTOJIBHOM OJHOMEPHOM
HNOTEHIMAIBHOM siuke tmmpuHoi | (puc. 46.4).Hamnmcath ypaBHEHHE
[penunrepa u ero pemieHue (B TPUTOHOMETpUYECKOW Qopme) s
obnactw Il 0<x<])

A U(x)

U—o uU=0 U—w
0 |

4

Puc. 46.4.

/. 3nas peumrenue ypasHenus llpenunrepa s obnacrei | u |l morenumansHOro
Oapeepa  y (X) = A elkiX 4 Ble_Iklx

YCIIOBUW HENPEPHIBHOCTH \y — (PYHKIIUHA M WX MEPBBIX MPOU3BOJIHBIX Ha

yun(X) =Aze 'kX, OTIPEJICIIUTD U3

rpanuie 6apbepa OTHOIIICHUE aMILUTATY T BeposiTHOCTH B1/A; u Ax/A;,

8. Ha Hu3kuii moTeHIMANBbHBIA Oaphep HANPABICH MOHOMHEPTETUUYECKHUHA TOTOK
AJIEKTPOHOB C TUIOTHOCTHIO MOTOKA 3Hepruu J; = 10 Br/m 2 Onpenenuth
IUIOTHOCTh TMOTOKA SHEPIUM Jy; 3JIEKTPOHOB, MPOLIECAIINX Oapbep, €ciu
BeicoTa ero Up = 0,91 3B u sHeprus E snexTpoHOB B majaromeM MmoTOKe
paBHa | 3B.

9. OnpenenuTh JUIMHY BOJHBI Jie bpoiisis ny1st HeHTpoHa, ABMKYIIETOCS CO CpEeIHEH
kBagpaTudHOU ckopocThio ipu T = 290 K. [148 mm]

10. DneKTpOHHBIA MyYOK YCKOPSETCS B DJCKTPOHHO-TYUEBOW TPYOKE Pa3sHOCTHIO



norenuuranoB U = 1kB. U3BecTHO, 4TO HEONMpeneneHHOCTh CKOPOCTH
cocrausier 0,1 % or ee 4ucinoBoro 3HadeHus. Onpenenutsb
HEONPEEICHHOCTh KOOPIAUHATHI 3JIEKTPOHA. SIBISE€TCA JU 3JIEKTPOHBI B
JAHHBIX YCIIOBHSX KBAaHTOBOM WJIM Kjaccuuyeckoi wactuien? [Ax = 38,8
HM |

(munumym 10 sonpocoe 013 mecmuposanus ¢ 8apuaHmamu 0meemos)
7.2.2 IlpuMepHBIii IepevyeHb 3aJaHUi /15 pellleHUs] CTAHAAPTHBIX 32124

1. BomHopas (b;/HKL[I/ISI, ONUCHIBAIONIAS HEKOTOPYIO YacTuily, uMeeT Bua y (1) = Ae”
I (@

(7)) I'he r - paccTOsIHME YAaCTHIBI OT CHIIOBOTO LIEHTPA; & - HeKOTOpast

nocrosinHasg. OnpenenuTs Hanbosee BEpOSTHOE PACCTOSIHUE g YACTHIIBI

710 CHJIOBOTO IIEHTpa. [Ig = a].

2. IlpsMoyrosbHBII TOTEHIMATbHBIN Oapbep wumeer mmpuHy | = 0,1 HM.
OnpenenuTs B 3JEKTPOH-BOJIbTAX pasHocTh 3Hepruit U - E, mpu kotopoi

BEPOATHOCTh TPOXOXKACHHUS JJIEKTPOHA CKBO3b Oapbep coctaBuT 0,5.
[0,454 »B]

3. OOBACHUTD, NMPU KAKUX YCIOBUSIX MOXKHO NMPHUHATH CTATUCTUKY Makcpeia -
bonbimana k aiexktponam B metaiie. [lonb3ysce pactipeaenenuem Oepmu
- Qupaka, nomyuuts pacnpenenenue Makcsemia - bonbimana.

4. W3BecTHa BOJHOBas (YHKIMS, OINHMCHIBAIONIAS COCTOSHUE OJJIEKTPOHA B
noreHuanbHoM simuke mmpuaoit |1 y(X) = C; sin kx + C, cos
kx.Ucmonb3yss rpanmunbie ycinoBus W(0) = 0 u y(l) = 0,ompenenuts
ko3 durpentr C, ¥ BO3MOXKHBIE 3HAYCHHS BOJHOBOTO BekTopa K, mpu
KOTOPOM CYIIECTBYIOT HETPUBHAIBHBIC PEIICHUS.

5. 3Hast OTHOIIEHHE AMILTHTYJ] BEPOSTHOCTH LL _ K =K g pomm, OTpaKEHHOIM
A1 kl + k2
or Gapbepa, 1 2 __ 2K 11 mpoxomsiiel BOJNHDBI, HAHTH BBIpaKEHHE
Ak +k,

it K03 dUIMeHTa oTpaxeHus p u KodppuimenTa NpoxXoxKISHUS T.

6. MOHORHEPreTHUECKUH MOTOK DJICKTPOHOB IMaJlaeT Ha HU3KHKM IMOTCHIIMATbHBIN
Oapeep (cM. puc. 46.1). Koapdumment npoxoxaenus T = 0,9. Onpenenutsb
OoTHOIIeHHE J; / J; IUIOTHOCTH TOTOKA SHEPTHM BOJHBI, IMPOIIEIIICH
Oapbep, K TUIOTHOCTH ITOTOKA SHEPTUH BOJIHBI, MaJaromeld Ha 6apbep.



b |

0
HU3KHH  Oapbep
Puc.46.1.

7. IIpoTOH ABMKETCS B OTHOPOJHOM MAarHUTHOM moJie ¢ uHaykiue B = 15 mTn no
OoKpy)kHOCTH pagunycoM R = 1,4 wm. Onpenenuts IJWHY BOJIHBI JI€
Bpoiins nns nporona. [0,197 nm].

8. OHpeI[eJII/ITB OTHOIIICHUC HCOHpC}ICJ’I@HHOCTGﬁ CKOPOCTH JJICKTpOHA, €CJIN €T0
5 o _
KOOpAruHaTa yCTaHOBJICHA C TOYHOCTBIO 1O 10 M, U IBIJIMHKKU MaCcCOH M =

-12 v
10 KI', €CJIn €€ KOOpJAHWHATAa YCTAHOBJICHA C TaKOMW K€ TOYHOCTBLIO.
1
[1,1-10%].

9. 3anucarp ypaBHenue [llpenunrepa s CTallMOHAPHBIX COCTOSIHUM 3JEKTPOHA,
HAXOSIIETrocsi B aTOME BOJIOPO/IA.

10. IlpotoHn c aneprueii E = 5 3B nBuxkeTCs B OJIOKUTEITLHOM HaIllPaBICHUH
OCH X, BCTpeyasi Ha CBOEM MyTHU MPSMOYTOJIbHBIN MOTEHIIUATBHBIN 0apbep BHICOTOM
U = 10 3B u mmpunoit | = 0,1 um. Onpeneiants: 1) BepOITHOCTh MPOXOXKICHHUS
IIPOTOHOM 3TOro Oapbepa; 2) BO CKOJIBKO pa3 HaJ0 Cy3UTh Oapbep, YTOOBI
BEPOSTHOCTH MTPOXOK/ICHHUS €r0 MPOTOHOM ObLTa TaKOM K€, KaK JJI AJIEKTPOHA MIPH
BBIIICTIPUBEICHHBIX yCHOBHﬂx.[1)1,67°1O'43; 2) B 42,9 paza].

(munumym 10 6onpocoeé ona mecmuposanus ¢ eapuaHmamy 0meemos)

7.2.3 IlpuMepHbBIii NepevyeHb 3aJaHUI A5l pellleHUs1 MPUKJIATHBIX 3a/1a4
1. Onpenenuth (QYHKIUIO pacmpeneseHusl JJig SJICKTPOHOB, HAXOMSIIMXCSA Ha

sHepreTHueckoM ypoBHe E mns cmydas E - Ep << KT, moms3ysce: 1)

cratuctukoit @epmu - [{lupaka; 2) cratuctukoid Makcsemia - bonbiMana.
[1)1/2; 2) 1].

2. DIEeKTPOHY B MOTCHIIMAIBHOM SIIHKE MIMPHHOH | 0TBeyaeT BosHOBOE umciio K =
nn/l (n =1, 2, 3,....). Ucrone3yst cBs3b dHeprum E smexTpoHa ¢
BOJIHOBBIM YHCJIOM K, TIOJYYHTh BBIPAYKCHHE I COOCTBEHHBIX 3HAUCHHMA
sHepruu E,,

3. Cuurtast BeIpakeHHe s KOd(DPUIIMEHTA OTPaXKEHUS P OT IMOTEHIIUATHLHOTO
Oapbepa 1 kor(hPuIMeHTa TPOXOXKICHUS T U3BECTHBIM, OKA3aTh, YTO P + T
=1.

4. Ha HUBKMIA NOTEHLHMAIbHBIN Oapbep MNagacT MOHOPHEPreTUYECKUH MOTOK



aneKTpoHOB. KoHUEHTpauus Ny 31€KTPOHOB B MAJAIOLIEM NOTOKE paBHA
9 3

10" mm ™, a ux sueprus E = 100 »B. Onpenenuth naBieHue, KOTOpoe

UCIIBITBIBAET Oapbep, eciu ero Beicota Uy = 9,7 3B.

5. OnpenenuTh Kakyl YCKOPSIOIIYIO Pa3HOCTh MOTEHLHUAJIOB JOJDKEH IMPONTH

OPOTOH, YTOOBI JIJTMHA BOJHBI A€ bpoiins A ayns Hero Obuia paBHa 1 HM.
[0,821 MB].

6. DJNEKTpOHHBIM NYYOK BBIXOJUT U3 DJICKTPOHHOM MYIIKK TOA JCHCTBHEM
pasHoctu mnoreHuuanioB U = 200 B. OnpenenuTs, MOXHO JH
OJTHOBPEMEHHO U3MEPUTH TPACKTOPHIO JIEKTPOHA C TOUHOCTHIO 10 100 nm
(C TOYHOCTBIO MOPSAJIKA JUAMETPA aTOMa) U €r0 CKOPOCTh C TOYHOCTHIO J10
10 %. [MAVAX < h; "er].

7. 3anucaTth ogqHOMepHOe ypaBHeHue Llpenunarepa (71s cTalimoOHaAPHBIX COCTOSTHH)
JUJIS1 YACTUIIBI, IBMXKYIIEHCS IO/ ACHCTBUEM KBa3UYyNPYroi CUJIBI.

8. IIpsiMoyronpHBIN MOTeHIIMANILHBINA Oapbep umeet mupuny | = 0,1 um. PasHocth
MEXIy BBICOTOM MOTEHIMATBHOTO Oaphepa W IHEPruei JBHUXKYIIETocs B
IOJIOKUTEJIbHOM HampaBieHuun ocu X saektpona U — E = 5 »3B.
Omnpenennuts, BO CKOJIBKO pa3 usMeHUTcs koapduuuent D npospaunocTu
NOTEHIMAIBHOTO Oapbepa JUIsl 3JIEKTPOHa, eciii pazHocTh U - E Bo3pacreT
B 4 paza. [YMmensbmutca B 10 pa3z].

9. Omnpenenutpy ¢yHkuuto pacnpeaencHus Depmu-upaka mpu T # 0 mus
AJIGKTPOHOB, Haxozsmmxcs Ha ypoBHe depmu. OOBSICHUTH MOTyUESHHBIN
pesyabtat. [ (N(E)) = 1/2].

10. YacTtuma HaXOaUTCS B MOTEHIMAIBHOM SIIHUKE. HaliTH OTHOIICHWE Pa3HOCTH
COCeHUX dHepreTuyeckux ypoBHed AEn,; k aHepruu E, yactuisl B Tpex
ciyqasx: 1) n = 3; 2) n = 10; 3) n — oo. [loSCHUTh MOJyYEHHBIC
pEe3ybTaTHI.

11. DnektpoH c sHeprueit E = 25 3B BcTpeuaet Ha cBOeM IyTH NOTEHIUATbHBIN
6apbep BeicoTolt Uy =9 5B (cm. puc.46.1). Onpenenutsb
ko3¢ duUIMeHT peoMIeHus N BOJH Jie bpoiins Ha rpanuiie 6aphepa.



A
Uk AU(x)

xY
o
=\

0
HU3KUH  Gapbep BBICOKHI  Oapbep

Puc.46.1. Puc.46.6.

12. Hanucarp ypaBuenue lllpeaunrepa m HailTu ero pemieHue sl JIEKTPOHA,
JBIDKYIIETOCS B MOJOKUTEIIBHOM HampaBjieHuu ocu X aiist ooiacteit | u 1l

(puc. 46.6), ecnu Ha TpaHHIE ITHUX 00JacTell UMeeTCsl MOTCHIIUATbHbIN
6apnep BeicoTol Uy.

(munumym 10 sonpocoe 01 mecmuposanus ¢ 8apuaHmamu 0meemos)

7.2.4 IlpumepHbIii NepeyeHb BONMPOCOB 1JI1 MOATOTOBKH K 3a4eTy

He npenycMoTpeHo y4eOHBIM TUIAaHOM

7.2.5 IlpumepHbIii epevyeHb 3aJaHuil 1 pellleHus1 MPUKJIATHBIX 32124
1. dyanu3m BOJIH M YaCTHUIl U IPUHIUT HeonpeaeneHHoctel [ 'eitzendepra.

2. Bonubl ge bpoitins.

3. BonnoBas ¢yukuus. CobcTBeHHbIe 3HaUeHUS pU3MUECKUX BenuyuH. [Ipunnmn
CYIIEPIIO3ULIUH.

4. CobcTBeHHBIC (PYHKIIUM U COOCTBEHHBIC 3HaUCHUS (PU3UICCKUX BEJIMUHH.
5. Onepatopsl. CpenHue 3HaUYeHUS (PU3NYECKUX BEITHUMH.

6. CnokeHue ¥ yMHOKEHHE OMEepaTOPOB.

7. HempepbIBHBII CHIEKTP COOCTBEHHBIX 3HAYCHHM orepaTopa.

8. DIIeMEeHThI TEOPUU MIPEACTABICHU.

9. OnepaTtop uMIymbca.

10. Onepatop MOMEHTa UMITYJIbCA.

11. Oneparop kBajpaTa MOMEHTa UMITYJIbCA.

12. Oneparop ['amunbToHA.

13. Bun oneparopa B IpOU3BOJIBHOM MPEICTABICHUM.

14. TuddepenurpoBaHme onepaTopoB BO BPEMEHH.



15. CraumoHapHbI€ COCTOSIHUSL.

16. Ypasuenue lllpenunrepa.

17. BekTop MIOTHOCTH MOTOKA COCTOSIHUIM.

18. [TameHne yacTULBI HA MIOTEHIMAIBHYIO CTYIIEHBKY.

19. IlpoxoskaeHue 4acThllbl Yepe3 MOTEHUUaIbHbIM O0apsep. TyHHENbHBIN 3 PEKT.
20. Yactuia B 0eCKOHEYHO ITy0OOKOM MOTEHIUAIBHOM siMe.
21. /IByMepHas noTeHIMaIbHAas sIMa.

22. OnHOMEpHasi KBaHTOBAs sMa KOHEUHOMW TTyOWHBI.

23. JIuHelHbI TApMOHUYECKUN OCHUILIATOP.

24. Atom BosOpOAa.

25. Cnus. BonHoBBIE (PYHKIIMM YaCTHUIIBI CO CITUHOM.

26. Oneparop criuHa. CoOCTBEHHbIE 3HAYEHUS U COOCTBEHHBIE (DYHKITMH orepaTopa
CIIMHA.

Vkasrcume 6onpocwi 015 9Kk3amena

7.2.6. MeTtoauka  BBICTABJIEHHSI OLEHKH TPH  NPOBeAeHUH
NMPOMEeKYTOYHOM aTTecTalun

(Hanpumep: Ox3ameH npogooumcs no mecm-Ouniemam, Kaxtcoviti u3
komopwvix coodepacum 10 eonpocos u 3adauy. Kaowcowlil npasunbhvili omeem Ha
sonpoc 6 mecme oyenusaemcs 1 6annom, 3a0aua oyenusaemcs ¢ 10 6annos (5
bannoe eepHoe pewieHue u S 0aN108 3a GepHvill omeem). MaxcumanbHoe
Koauuecmao Habpannvix 6annos — 20.

1. Oyenka «Heyooenemeopumenvrho» cmagumcs 8 ciyyae, eciu CmyOeHm
Habpan menee 6 6ann086.

2. Oyenka «Yo0oeremeopumenpHo» CmMagumcs 6 ciydae, eciu CmyOeHm
Habpan om 6 0o 10 bannos

3. Oyenxa «Xopowioy cmasumcs 6 cayuae, ecau cmyoenm naopan om 11 0o
15 6annos.

4. Oyenxa «Omauunoy» cmaeumcs, eciu cmyoeum Habdbpan om 16 oo 20
bannos.)

7.2.7 I1acnopT OIEHOYHBIX MATEPUAJIOB

HanmeHOBaHHE OIICHOYHOTO
cpeacTBa

KonTponupyembie pazjensl (TeMbl) Koz
Ne n/m KOHTPOJIUPYEMO

JAUCHUITIIMHBI o
N KOMIICTCHIIMHN

1 OcHOBHBIE IOHATHS KBAHTOBOU OIIK-1 Tect, KOHTpOJIbHAs paboTa,
MEXaHUKH 3alKTa Jab0paTOPHBIX padoT,




3amuTa pedepara, TpeOoBaHUS
K KypCOBOMY TIPOCKTY. ...

2 Omneparopnas GopMyIHpOBKa OIIK-1 Tect, KOHTpOJBbHAs paboTa,
KBaHTOBON MEXaHUKHU 3alIuTa J1abopaTopHBIX padoT,
3amura pedepara, TpebOBaHUS
K KYpCOBOMY IIPOEKTY. ...

3 VYpasuenue lllpenunrepa OIIK-1 Tect, koHTpOJBHAS paboTa,
3amuTa 1a00paTOPHBIX padoT,
3amura pedepara, TpebOBaHUS
K KYpCOBOMY IIPOEKTY. ...

7.3. MeToauyeckue MaTepuajbl, ONpeaesilONIde NPoOUEeAyPbI
OlleHUBAHUS 3HAHUI, YMEeHH I, HABBIKOB M (WJIU) ONbITA JeSITeJIbHOCTH

TecTtupoBaHue OCYIIECTBISECTCS, JUOO TIPU TOMOIIU KOMIIBIOTEPHOU
CHUCTEMBbl TECTUPOBaHMS, JHOO C HCMOJB30BAHWEM BBIJIAHHBIX TECT-3aJaHUN Ha
OymaxkHoMm Hocutene. Bpemst TectupoBanust 30 MuH. 3aTeM OCYIIECTBISIETCS
IpOBEpPKa TECTa SK3aMEHATOPOM M BBICTABJISETCS OIEHKA COTJACHO METOJIMUKHU
BBICTABJICHHSI OIICHKU MPH MPOBEICHUHN TPOMEKYTOUHON aTTECTAIINH.

Pemennie craHgapTHBIX 3aJa4  OCYIICCTBISETCA, JUOO TpPH TOMOIIU
KOMITHIOTEPHON CUCTEMBI TECTUPOBAHUS, JIMOO C UCIIOIB30BAHUEM BhITAHHBIX 33/1a4
Ha OymakHoMm Hocutene. Bpems pemenus 3agad 30 MuH. 3aTeM OCYIIECTBISETCS
pOBEpKa pEIIeHUs 3aJad 3K3aMEeHAaTOPOM U BBICTABISAETCA OIIEHKA, COTJIACHO
METOJIMKH BBICTABJICHUS OLIEHKH TPU MPOBEJECHUU TPOMEKYTOYHOM aTTECTALIUU.

Pemenue mnpukimagHBIX 3a4ad  OCYIIECTBIsAETCA, JHUOO TP TOMOIIU
KOMITBIOTEPHOM CHUCTEMbI TECTUPOBAHUS, JIMOO C MCTIOIH30BAHUEM BBIIAHHBIX 3a/1a4
Ha OymakHoMm Hocutene. Bpems pemenus 3agad 30 MuH. 3aTeM OCYIIECTBISETCS
pOBEpKa pEIIeHUs 3aJad 3K3aMEeHAaTOPOM U BBICTABISAETCA OIIEHKA, COTJIAcHO
METOJIUKH BBICTABJICHUS OLIEHKH TPU MPOBEJCHUU TPOMEKYTOYHOM aTTECTAIIUU.

8 YYUEBHO METOANYECKOE U HTH®OPMALIUOHHOE
OBECIHEYEHHUE JUCHUIIJINHDBI)
8.1 Ilepeuenb y4yeOHOIl JUTEPATYpPbI, HEOOXOAUMOI AJsI OCBOEHHUSA
AUCHUTTHHBI
1. JlJanpay JI. ., JIupmmun E.M. Teopetndeckas ¢usuka: YueOHOe mocodue:

s By30B. B 10 1. T.Ill. KBanToBasi Mmexanuka (HepensiTUBUCTCKast Teopusi). — M.:
®uszmariut., 2002.

2. UM. Hlymnebwun, JL.U. Snuenko YueOHoe mocodbme «KBaHTOBas
MEXaHWKa B 3aJjayax M BOIMpocax» JJIsl MPAKTHUYECKUX 3aHATUN MO JUCHUIIIIMHE
«KBaHTOBass MexaHUKa» g CTyAeHTOB HampabiieHus 16.03.01 «TexHudeckas
¢usnkay (HampaBiIeHHOCTh «Du3nUueckas dIEKTpOoHMKay), Hanpasienue 14.03.01
«SnepHast sHepreTvka U Teropuinka» (HampaBieHHOCTh «TexHuka u (usuka
HU3KUX  Temmeparyp»), HampaBieHue 28.03.01 «HanorexHosoruu u
MUKPOCHCTEMHAss TEXHUKa» (HampaBleHHOCTh «KOMNOHEHTHI MHKpO- H
HAHOCHUCTEMHOM TeXHUKU») oO4HOM (opmbl oOyuenus Ileu. DOI'BOY BO
"BopoHexckuii rocy1apcTBEH-HbIN TeXHUYECKUN yHIUBEpcUTeT Boponex, 2018, 83



Vkaorcume yuebnyro rumepamypy

8.2 IlepeyeHb HH(OPMALMOHHBLIX TEXHOJOrHH, MCIOJb3yeMbIX IPH
OCYHIECTBJICHHUH 00pa30BaTeJIbHOIO MpoLecca MO0 JAMCHHUIUIMHE, BKJIKYAs
nepeYyeHb  JHLIEH3MOHHOr0  NPOrpPaMMHOrO  oldecneyeHHsl, PecypcoB
HH(POPMALMOHHO-TEIEKOMMYHHKAIIMOHHOH ceTH «HTepHeT», COBPEeMEHHBIX
Npo¢ecCHOHAIBbHBIX 023 JAHHBIX 1 HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM:

ABTOMATU3UPOBAHHBIM  M3MEPUTENBHBIM KOMIUIEKC cOopa U  IpeaBapUTEIbHON

00pabOTKH IKCIIEPUMEHTAIbHBIX JTaHHBIX
I'paduueckas 00paboTKa 3KCIIEpUMEHTAIBHBIX JaHHBIX Origin 8.0

Yxaorcume nepevyernsb MHQbOPMCZZ/ﬁ/lOHHle MexXHON02Ul

9 MATEPUAJIBHO-TEXHUYECKAS BA3A, HEOBXOAUMASA J1JIsA
OCYHECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLIECCA

1. JlexuuoHHas ayaWTOpPHsl, OCHAILLEHHAs 000PYJOBaHUEM JUISl JIEKIIMOHHBIX

JEMOHCTpPALMI ¥ MPOEKIIMOHHOMN anmnapaTrypou.

VY4eOHo-HayuHas naboparopus “HanoTexHosiornn 1 HaHOMaTepUasbl”.

Y4eOHo-HayuHas gaboparopus “TexHOIOrusl MaTepUaIoB dJIEKTPOHHON TEXHUKH .

4. VYuebHO-HayuyHas nabopaTopus “DOU3NYECKUX METOIOB UCCIEAOBAHUS .
JMCTIeiHBIN Kacc, OCHAILIEHHBINM KOMITbIOTEPHBIMU MPOTpaMMaMK

wn

Yxaowcume mMamepuaibHo-mexHu4ecKyro 6613)/

10. METOAUMYECKUE YKA3AHUA AJIS1 OBYUYAIKOLUXCSA 1TO
OCBOEHMIO JUCHUIIJIMHBI (MOY JIsT)

Ilo mucnmniuue «KBanToBass MeXaHUKa .

OcHOBOM M3y4yeHUs AUCUUIUIMHBI SIBISIOTCS JIGKUUMU, Ha KOTOPBIX
U3JararoTcsl Hanbosee CylIeCTBEHHbIE U TPYIHbBIE BOMPOCHI, a TAKKe BOMPOCHI, HE
HaIeInue OTpaKeHUs B y4eOHOM JTUTepaType.

[IpakTuueckue 3aHATUS HANPABJICHBl HA TPHOOPETCHHE MPAKTHYECKUX
HAaBBIKOB pacueTa BOJHOBBIX (YHKIHII KBAaHTOBBIX YaCTHII W3 YpaBHEHUS
penunrepa. 3aHATAS TPOBOIATCS IyTEM pEIICHHS KOHKPETHBIX 3aJad B
ayIUTOPUH.

JlabopaTtopHbie pabOTHI BBIMOJIHSIIOTCS Ha JaOOpaTOPHOM 00OPYIOBAHUU B
COOTBETCTBHUM C METOJIMKAMH, MPUBEACHHBIMHU B YKa3aHUSIX K BBIIIOJTHEHHUIO paloT.

Meronnka BBIIIOJIHEHUSA KypCOBOM paboThl W3J10KEHA B
y4eOHO-METOIUYECKOM NMOCOOHUH. BBIMONHATE 3Tanbl KypcoBOil pabOThI JOJAKHBI
CBOEBPEMEHHO U B YCTAaHOBJIEHHBIE CPOKHU.

KonTposib ycBO€HUMs Marepuana JUCUMILIMHBI MPOU3BOIAUTCS MPOBEPKOU
KypCOBOM paboOThl, 3aIIUTON KypCOBOW PabOTHI.

Bug yaeOHBIX
3aHATHI

Jlexmus Hamucanue KOHCIICKTa JICKITHM: KpaTkKo, CXEMAaTHU4HO,
IIOCJICAOBATCIIBHO (bHKCHpOBaTB OCHOBHBEIC TIIOJIOXKCHHA, BBIBOJbI,

JleaTenbHOCTh CTyIeHTa




(bopMynHpOBKH, 0000IIEHHS; MMOMEYaTh Ba)KHBIE MBICIH, BBIICIATH
KJIIOYEBBIE CJIOBA, TepMuUHBL. [IpoBepka TEpMUHOB, MOHATUH C
IIOMOIIIBIO SHIUKIIONIEAN, CIIOBAPEH, CIIPABOYHUKOB C BBIIIMCBIBAHUEM
TOJIKOBaHUH B TeTpadb. (O003Hau€HUE BOIIPOCOB, TEPMHHOB,
Marepuana, KOTOpPbIE BBI3BIBAIOT TPYJHOCTH, IIOUCK OTBETOB B
PEKOMEHAYEMOM JTepaType. Ecin caMOCTOATENIBHO HE YHaeTcs
pa3o0parbcsi B Marepuaie, He0OX0IuMO CHOPMYIMPOBATH BOMPOC H
3aJ1aTh PEINOAABATENI0 Ha JIGKIIMU WM HAa IPAKTUYECKOM 3aHSATHH.

[IpakTHueckoe
3aHATUC

KoHncnektupoBaHue  peKOMEHIyeMbIX HCTOYHMKOB. Pabora ¢
KOHCIICKTOM HGKHHﬁ, MOATOTOBKA OTBETOB K KOHTPOJIbHBIM BOIIPOCAM,
MPOCMOTP pEeKOMEHIyeMol JmTeparypsl. [IpocinymuBanue ayauno- u
BHJICO3aNMCEN 110 3aJaHHOU TEeME, BBITIOJIHECHHE
pacueTHO-rpapUUecKuX 3aJaHNi, pellieHne 3a1a4 10 aIrOPUTMY.

CamocrosTenapHas
pabota

CamocrosrenbHas paboTa CTYAEHTOB CHOCOOCTBYET TIIyOOKOMY
YCBOGHHsSI ~ y4eOHOTO  Marepwaja H  Pa3BUTHIO  HaBBIKOB
camooOpa3zoBanusa.  CamocTosATenbHass ~ paboTa  mpearnojaraer
CIIETYIOIIHE COCTABIISIONIHE:

- paboTa ¢ TeKCTaMu: y4eOHHMKaMHU, CIIPAaBOYHUKAMH, JTOTIO THUTEIHBHON
JUTEpaTypoOi, a Takke MpopaboTKka KOHCIEKTOB JIEKIUI;

- BBIIIOJIHECHUE JOMAITHUX 33213HPII>1 " paCy€TOB,

- paboTa Ha/I TeMaMH JIJIsl CAMOCTOSITEITHHOTO H3YUCHUS;

- ydqactue B paboTe CTyJeHUYEeCKUX HayYHbIX KOH(EpEeHINil, OMMMITHa/;
- IOATOTOBKA K MMPOMEXYTOYHOM aTTeCTally.

IloaroroBka x
MPOMEKYTOUHO N
aTTecTalMu

['oTOBHUTHCS K TPOMEKYTOYHOM aTTECTAIIMU CIEAYET CHCTEMAaTHIECKH,
B TEYECHHE BCErO cemecTpa. VHTEHCHMBHas MOJArOTOBKAa JOJDKHA
HayaThCs HE TO3JHEE, YeM 3a MECSI-TIOJITOpa J0 MPOMEKYTOUHOU
aTrectanuu. JlaHHBIC TTepe] 3a4eTOM ¢ OIEHKOU TpH JHS 3P deKkTrBHEES
BCETO MCIOJIb30BaTh JJIs IIOBTOPEHUS M CUCTEMATH3allUA MaTepurara.






