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1. HEJIX OCBOEHUSA JUCHUIIJIMHBI

HCJ’IHMI/I OCBOCHUA AUCLHHUITIINHBI «OcHOBBI TeOpeTquCKOﬁ (1)I/IBI/IKI/I>> SABJIAKOTCA:

1.
2.

4.

®opMupoBaTh PU3NUECKOE MBILUICHHE Y CTYICHTOB;

JlaTb Hay4HbIe 3HaHUS HAa YPOBHE BBICHIEH MIKOJIbI, JOCTATOYHbIE [l OCBOCHMSI
COOTBETCTBYIOIIMX PA3/IEIOB TEOPETUUECKON (DU3UKH, a TAKXKE JUIsl TIOHUMAHUS U U3yUCHHS
TEeXHUYECKUX TUCLMILINH;

JlaTb OCHOBHBIE 3HAHUS M YMEHUs, KOTOpPBIE OyAyT HEOOXOAMMBI TpU paboTe B CpeaHEH
IKOJI€ B Ka4eCcTBE yUuTesst GU3mku;

Pa3BuTh HaBBIKK CaMOCTOATENBHON PA0OTHI CTY/ICHTOB.

3amayn JUCIIUTUIAHEL:

1.

2.

OBJIaJICHNE 3HAHUSIMU:

1) TeopeTH4ecKUX OCHOB HAyKH, TEPMUHOJIOTUH, UCTOPUH CTAHOBIICHHS,
2) METOJIOB dKCIIEPHUMEHTAIBHBIX U TEOPETHYCCKUX UCCIICIOBAHUIA,

3) mpemmera U 00bEKTa UCCICIOBAHNI JaHHOW HAYKH,

OBJIaJICHUE HABBIKAMH:

1) pelieHHs pacueTHBIX 3aad,

2) paboThl ¢ y4eOHOM U HAyYHOH JTUTEPATYPOiA,

3) oBnaneHHE YMCHUEM PELICHUS TBOPUYECKUX M HECTAHIAPTHBIX 3a71ad.

2. MECTO JUCIUIIJIMHBI B CTPYKTYPE OIIOII

JuctummHa OCHOBBI  TEOPETUYECKOM (M3MKU OTHOCUTCS K 00s3aTenpHOM vactu  Ojoka
«IucuununHbl (MOZYIH)».

3. INTAHUPYEMBIE PE3YJIbTATbBI OBYYEHMUS 11O JUCIUIIJINHE

[Inanupyembie pe3ynbTarbl OOYYEHHUsS 110 JAUCIHUIUIMHE, COOTHECEHHBIE C IUIAHUPYEMBIMH
pesynbratamu ocBoeHusi OIIOIT (koMneTeHIUAMEI U UHINKATOPAMU JTOCTHKEHUST KOMIIETSHIIUN )

dopmupyembie [Tnanupyemsbie pe3ynbTaTbl 00y4eHHs IO AUCIUIUIHHE, B HanmenoBanue
KOMIIETEHIINN COOTBETCTBHHU C MHIMKATOPOM JOCTHM)KEHHSI KOMIIETEHIIUI OIIEHOYHOTO CpPE/ICTBA
(xox, conepkaHue WNuaukaTop MoCTHKeHHS Pesynprarel 00yuenus no
KOMIIETEHIINN) KOMITETeHITUN JTUCLUIIINHE
(x00, codepaicanue
UHOUKamopa
VYK-1. Cnocoben | YK-1.1. 3naer npuHumisl 3Haet: TecToBbIE BOIIPOCHI
OCYIIECTBIISTh coopa, orbopa W - colMaJbHyI0 3HauyuMocTh | [IpakTHueckue 3amauu
TIOUCK, 00001IeHNsI MHPOPMAITUK. | ACTPOHOMHU KaK HayKH U
KPUTHUYECKUN VYK-1.2. YMeer cooTHOCHTH cBoeil Oyaymedi mnpodeccun
aHalM3 M CHUHTE3 | pa3HOPOAHBIE SABJICHHS Y Y4UTeNs PU3HUKHY;
UHQOpMAIIH, CHUCTEeMaTH3UpOBaTh WX H - MECTO AacTpOHOMHH B
MIPUMEHSTh paMkax H30paHHBIX BHJOH CHCTEME €CTECTBEHHBIX HayK M
CHUCTEMHBII 0AX0/] | MpodecCHOHANBHON B  JKU3HH  YEJIOBEYECKOTO
JUTS pelieHus | IeATeTbHOCTH. oOrmiecTBa, TECHYIO
MOCTABIICHHBIX VYK-1.3. Brameer HaBEIKaMHA B3aWIMOCBSI3b  aCTPOHOMHH  C
3a1a4y Hay4YyHOI0 roucKa W IpYrUMH €CTECTBEHHBIMHU
NPaKTUYECKOW paboThl J HAayKaMu;
WHPOPMAITTOHHBIMH - OCHOBHBIE TTOHSTHS
UCTOYHUKAMH;  METoJaMK acTPOHOMUHU:
MPUHATHUSA PELICHUM. ACTPOHOMUYECKHUE OOBEKTHl U
ABIIEHUS, a TaK KEe WX
XapaKTepUCTUK — (U3UIECKUX
BEJIMYNH.
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YwMmeer:

- BBIACHATH  KOHKPETHOE
(bu3mvecKkoe conep)KaHHe B
MPUKJIATHBIX ~ 33jJadax |
HCIIOJIb30BATh OCHOBHBIC
3aKOHBI ¢bu3uKu B
PO eCCHOHATTEHOM
JIESTSIIbHOCTH;

- TpUMEHATh  (UBNYCCKHUEC
3aKOHBI TUTS perreHus
MIPaKTHIECKUX 3a/1a4.

Bnaneer:

- METOJ0JIOTUEN OpraHU3alluH,
IDIAHUPOBAHUSA,  MPOBEICHUS
u3MepeHut u  oOpaboTku
pe3yabTaTOB
AKCIIEPUMEHTAIBHBIX
HCCJICOBAaHUMN, B TOM YHUCIE C
UCIIOJIb30BaHUEM
CIETMATU3NPOBAHHOTO

IPOrpaMMHOT0 00ecTedeHusl.

OIIK-8. Criocoben
OCYILECTBIIATh
Ne1arOrnYECKyI0
JeSITeNbHOCTh Ha
OCHOBE
CHELUAIBHBIX
Hay4HbIX 3HAaHUI

OIIK-8.1. JleMoHcTpHpyeT

CIICIaJIbHBIC Hay4HbIC
3HAHUS B cBoei
MpeIMETHON 00IacTH;
OIIK-8.2. OcymecTBisieT
YPOYHYI0O W BHEYPOUYHYIO
JIeSITEIbHOCTD B
COOTBETCTBUU C
MpeIMETHON 0071aCTBIO
COTJIaCHO OCBOEHHOMY
npoQIITIo (npodmisam)
MOJITOTOBKH;

OIIK-8.3. Bnanee
MeTOoJIaMHU Hay4YHO
Mearoru4eckoro
WCCIIEIOBAHUS B
MpenIMeTHOH  obmacTu
METOJITaMHU aHam34
MeJIarOrM4ecKoi  CUTYaluy
Ha OCHOBE CIHeIHaIbHBIX

HayYHBIX 3HAHUU.

3HaerT:

- TpeaMeTr u
aCTPOHOMUM KaK HayKH;
- TEOPETUYECKHE OCHOBBI H
IPUPOIY OCHOBHBIX
aACTPOHOMHYECKHX SIBJICHUM;

- ¢yHaaMeHTaJIbHbIE TOHSTHUS,
3aKOHBI u TEOpUHU
KJIACCUYECKON U COBPEMEHHOU
aCTpPOHOMMUY;

- OCHOBHbBIE  JIOCTHXECHHS
ACTPOHOMHUHU B IPAKTUYECKOU
JKU3HU;

00BEKT

-BO3MO>KHOCTH
CHEIUATN3UPOBAHHOTO
MIPOrpaMMHOI0  0OecHeueHUs
10 ACTPOHOMHH.

YmMmeer:

- BBIICNATH  KOHKPETHOE
¢usnueckoe copepkaHue B
OpUKIaTHBIX  33ja4ax |
UCII0JIb30BaTh OCHOBHBIC
3aKOHBI bu3nKu B
npodeccnoHanbHON
JeSITEIIbHOCTH;

- [pUMEHATh  (U3NYecKue
3aKOHBI ISt peLeHus
MPAKTUYECKUX 33]1ay;

- TpUMEHATH,  TU(PPOBBIE
TEXHOJIOTHI B  paboTe C
ACTPOHOMUYECKUMH JAHHBIMHU.
Buianeer:

- HaBbIKAaMH  paboTBl  C
Hay4YHOU JIUTEpaTypon
pasHoro ypoBHS  (Hay4YHO-

TecToBbIE BOIIPOCHI
IIpakTrueckue 3anauu
MNunuBunyanbHbIe
MPOEKTHBIC 3aJaAHUS
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MOMYJISIPHBIC W3JIaHuS,
MEPUOTUIECKHUE JKypHAJIHI,
MOHOTpaduu, YIeOHHKH,
CIIPaBOYHHKH );

-HaBBIKAMU paboTsI c
ACTPOHOMHUYECKUM

o0opymoBaHHEeM, B TOM YHCIE
cneunanuzupoBanabiM [10;

-HaBbIKAMH OLICHKH
pe3yIbpTaToOB HAy4IHOTO
JKCIEpUMEHTa WIH
HCCIIEIOBAHMSL.

[1IK-4. Cnocoben | [1IK.4.1. ®opmynupye1 3Haer: TecToBble BOIPOCH!
(hopmupoBaTh JMYHOCTHBIE, IPEAMETHBIE  -BO3MOXKHOCTH [IpakTryeckue 3amaun
Pa3BUBAIOILYIO MeTanpeaMeTHbIE HWHHOBAIIMOHHOM WnpuBunyansHbie

00pa3oBaTeibHYI0 | pe3ylnbTaThl 00y4deHus 1d 00pa3oBaTENbHOM Cpesl UIs NPOCKTHBIE 3aaHus

cpeny LIS CBOEMY y4eOHOMY IOCTHKEHHS TUYHOCTHBIX,
JOCTHKCHHUS npeaMery MeTanpeIMETHBIX U
JINYHOCTHBIX, [1IK.4.2. [Ipumensier mpeaMeTHBIX pe3yJIbTaToOB,
MPEIMETHBIX U COBpPEMEHHbBIE METOAb| 3aKOHOMEPHOCTH CTAHOBJICHUS
METanpeIMETHBIX | (OPMUPOBAHUS CIIOCOOHOCTH K
pe3yJIbTaToB pa3BUBaroLIEH MEXKYJIbTYPHOU
o0y4eHus o0pazoBaTenbHOM cpe/bl KOMMYHHKAIIUH KaK CpelCcTBa
cpeacTBamMu [IK.4.3. Co3nael BOCHUTaHUS NOJUKYIbTYPHOU
MPENoJaBacMblX | MEJAarorn4ecKue  yCJOBHUS JIMYHOCTH.
yueOHBIX JUTsL ¢dbopmupoBanus] Ymeer:
MIPEIMETOB pa3BUBAOLICH -00ecneyuTh BEICOKOE

o0pa3oBaTenbHON Cpebl

KauecTBO y4eOHO-
BOCIIMTATENIBHOIO IIpolecca
CpeACTBaMHU IPEnojaBaeMoro
npeaMeTa, IPUMEHSTh
MHHOBAIIMOHHBIC METOJIUKH U
TEXHOJIOTHH 00Y4YeHUs PHU3HKE
Ha Pa3HBIX YPOBHSX U

CTaausX.

Bnageer:

WHHOBAIIMOHHBIMH ~ METOJaMH
U TEXHOJOTHAMH OOy4YeHUs
¢busuke), HOBBIMHU
UHQOPMAITHOHHBIMH u
TENIEKOMMYHHUKAIIHOHHBIMH

TEXHOJIOTHSIMH B OOyYeHUU
¢busnke.
IIK-6. Criocoben | I1K.6.1. CrocoOeH 3HaerT:
MPOSKTUPOBATH (dbopMHpoOBaThH HA - OCHOBBI U DTaIlbl
CoJIepIKaHue pealn30BbIBaTh MPOTPAMMBb] I1€aroru4ecKoro
00pa3oBaTeabHBIX | PA3BUTUS  YHHUBEPCAJbHBIX MPOCKTHPOBAHUS;
MPOrpamMM M UX y4eOHBIX TEHCTBUI - IPUHIIMITBI IPOSKTHPOBAHUS
3JIEMEHTOB I1K.6.2. JleMoHCTpHpYyeT HOBBIX 00pa30BaTEIbHBIX
3HAHNE CoJiepKaHus] MPOrpaMM U pa3paboTKH
00pa3oBaTenbHBIX HMHHOBAIIMOHHEIX METOIHUK
mporpamm o CBOCH OpraHu3aluu
IACITUIIIHHE 00pa3oBaTeaLHOIro mpoIecea.
I1K.6.3. CrocobeH Ymeer:
MIPOEKTUPOBATH - OCBaWBaTh PECypChl

00pazoBaTeIbHBIC

00pazoBaTeNLHBIX CHCTEM U




MPOrpaMMBbI
YPOBHEM u
00pazoBaTeIbHBIX
mporpamm B
MpPEeIMETHON 00J1acTH

Pa3IMYHBIX
3JICMCHTBI

cBOEH

IIPOCKTUPOBATh UX PA3BUTUE;
- IPOEKTHPOBATh
00pa3oBaTeIbHYIO CPEmy,
o0pazoBaresbHbIe IPOTrPaMMBbI
- IPUMEHATH 3HAHUS JUISI
OpraHu3aluu
00pa3oBaTeIbHOrO MPOLIECCa;
- 4l TUPOBATh COBPEMEHHBIC
JOCTIDKEHHS HAYKU U
HayKOEMKHX TEXHOJIOTHH K
00pa3oBaTeIbHOMY IIPOLIECCY.
Bunaneeer:

- METOIUKON
[1€1arOrHYECKOTO
MIPOEKTHPOBAHUSI.
[IK-7. Cnocoben | [IK.7.1.  CoBmectHO ¢ 3Haer:
MIPOEKTHPOBAThH o0yyaromumucs - COBPEMEHHbBIE METO/IbI
WHIUBUAYaJIbHBIE | ONpEnesseT JUarHOCTUPOBAHUS y4eOHBIX
oOpa3oBaTeibHbIC | MHIWBUIYATbHBIN JIOCTHKCHUN 00yJaroIuXCs,
MapUIpyThI 00pa3oBaTeIbHbIN MapIIPYT| ONpeAeICHUE ICUXOI0r0-
obOyuaroruxcs mo | 11K.7.2. Onpenensael negaroruyecKux OCHOB UX
MpernojiaBaeMblM | COAEpIKaHHEe W TPeOOBaHUS| WHIWBUAYaIbHBIX
y4eOHBIM K pe3yibpTaTtaM 00pa3oBaTENbHBIX MAPLIPYTOB.
npeaMeTam WHIUBUYAJIbHON YwMmeer:
00pa3oBaTeabHOM -IPOBOJIUTH JUATHOCTUKY
TpaeKTOpUu YUEOHBIX TOCTHKCHHIMA
[1K.7.3. Brnageer mMeTonamyl 00ydJaronuxcsl, BBISABISAT
MIPOEKTHPOBAHUS IICUXOJIOrO-TIeJarornuecKue
WHANBUOYAJTbHBIX OCHOBBI UX UHAWBUAYAJIbHBIX
00pa3oBaTeIbHBIX 00pa3oBaTeIbHBIX MapIIPYTOB.
MapuIpyTOB B cBoel] Brnaneer:
npeaMeTHOH — obiacth g - CIIOCOOHOCTBIO
yueToM  00pa3oBaTeNbHBIX HCIIOIB30BATh pe3ysbTaThl
norpebHOCTEN JMarHOCTHKH JOCTIKEHUH
oOyJarommxcs oOyJaronxcs pu
IMPOCKTUPOBAHNN ux
HWHIUBUAYaIBHBIX

00pa3oBaTeIbHbIX MAPIIPYTOB.
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4. OFBEM U CTPYKTYPA JUCHUIIJIMHBI
TpymoeMKoCTh TUCIUILTHHBI cocTaBisieT 29 3aueTHbix enunuil, 1044 qacos

TemaTnueckuii mjian
¢hopma o0yueHusi — ouHast

KonTakTHas pabota Dopmbl
oOyJaromnxcs TEKYIIero
C MEIarOTM4eCKUM KOHTPOJIS
< pa6OTHI/IKOM ?é yCI€BacMOCTHU,
= - R = dopma
Q R [¥a] QS ¥a) o
Ne | g = g = 5 « | IpOMEXYTOUHOM
o/ HaumeHnoBanue TeM W/Him é 3 E % S %‘ é aTTeCTAIHH
- Pa3/esIoB/TeM IMCLMILIUHBI 3 E = 5 o § § § 8 | (no cemecmpam)
S| E| B | E|L5| 2
TR 8 o | 8| O
5 = o
~ < § S
= o =
¥ o Y
= | g [
= = ©
1. | Beenenune 8 OKM. Kunemaruxka. 5 1 2 6 2 16
2. | OcHoBsl fuHaMuku HeroToHa. 5 2-3 2 6 2 16
3. | /IluHaMuKa KpUBOJIMHEHHOTO 5 45 2 6 2 16 PK-1
JIBUYKCHHUS TOUKH.
4. | OGiue TeopeMbl TUHAMUKH U 3aKOHBI 5 6-7 2 6 2 16
COXpaHEHMSI.
5. | 3akoHBI U3BMEHEHUSI MOMEHTA 5 8 2 6 2 16
HMITYJIbCA U KHHETHYECKO# DHEPTHHL.
6. | Iomns. 3akon COXpaHEeHU 5 9 2 6 2 16 PK-2
MEXaHMYECKON DHEPTUH.
7. | Munamuxa HUCO. 3anaua aByx Tel. 10 2 6 16
8. | AnamuTHYecKas MEXaHUKH. 1 16
11 2 6
[IpuHuMIEL
9. VYpaBrenwus Jlarpanxka u ['aMunbpToHa. 5 1128- 2 6 1 16 PK-3
Hroro B 5 cemectpe 18 54 144 | Dx3amen (36)
1. | Beeaenue. Uctopuueckuit  0030p.
DNeKTpocTaTniecKoe rnoste, ero | o 12 2 6 5 10
CHJIOBBIC " 9HEPreTHIECKIE
XapaKTEPUCTUKH
2. | DIeKTpoMarHuTHoOE IMoJie B
IVDJICKTPUKaX. Y paBHCHHE 6 3-4 2 6 2 10 PK-1
AJIEKTPOMArHUTHOT'O MOJISL.
3. | TlocToAHHbI STEKTPHYECKHUI TOK. 6 5-6 2 6 2 8
4. | CranpoHapHOE€ MarHUTHOE TIOJIE U €ro
xapaktepucTuku. KBazucraiponapHoe 6 7-8 2 6 2 8
AJIEKTPOMarHUTHOE IoJIe.
5 ITepemeHHOE 2IIEKTPOMATHUTHOE TIOJIE. 6 i_) 2 6 2 8 PK-2
6. | DnexTpoMarHUTHBIE BOJHEI. 11-
6 2 6 1 8
HW3nyveHne 3IeKTPOMArHUTHBIX BOJIH. 12
7. | OCHOBBI 2IEKTPOHHOMN TEOPUU 6 13- 2 6 1 9 PK-3
Jlopenna 14
Hroro B 6 cemectpe 14 42 61 | Dx3ameHn (27)

1 Pacripenenenue o01ero yncia 4acoB, yka3aHHBIX Ha MpakTHyeckue 3auaTus B YII, ¢ yuerom uacoB Ha KII/KP
? JlaHHbBIi MyHKT BKIOYAETCMs B Pabouylo MPOrpaMMy TONbKO HpH (POPMHUPOBAHHH MPOQECCHOHATBHBIX
KOMIICTECHIIHIA.




1. | TpymHocTH KJIacCHYEeCKOW  (PU3UKH,
MpUBEAIINE K CO3[JAaHUI0 KBAaHTOBOM 7 1-2 2 6 2 12
MeXaHUKU. MOJIeNii CTPOCHHSI aTOMa.
2. | MaremaTnueckuii annapat KBAaHTOBOM 7 3-4 2 6 5 12
MEXaHHKH.
3. | OcHOBHBIE MOJOKEHUSI KBAHTOBOM 7 5.6 2 6 5 12 PK-1
MEXaHHKH.
4, .HI/IHGI/IHLI% TapMOHUYECKUI 7 7.8 2 6 5 12
KBaHTOBBIH OCIIHILIATOP.
5. | YacTuma B OJHOMEPHOM U TPEXMEPHOM 9- 12
MOTEHIMAaIbHOM siiruke. [Ipeomonenue 7 10 2 6 2
YacTHIEH MOTEHIMAJIBHOTO Oapbepa.
6. KBanToBas Teopus aToMa BOIOPOAA. 7 :5_12_ 2 6 2 12 PK-2
7. | MHOTO3IIeKTpOHHBIC KBAHTOBBIE 12
13-
cucteMbl. CTpOoeHHE 3JEKTPOHHBIX 7 14 2 6 1
000109CK.
8. | ATOoMHBIE I MOJIEKYJISIPHBIE OpOHTAIIH. 7 15- 2 6 1 12
Teopus JIKAO 16
9. . 17- 12
OCHOBBI TEOPHUH MPEACTABICHUH. 7 18 2 6 1 PK-3
Hroro B 7 cemectpe 18 54 108 | Dx3amen (36)
1. | ®a3oBoe NPOCTPAaHCTBO B 8 1- 2 6 4
TEPMOJMHAMUKE.
2. | Knaccuyeckas Teopust wuaeanbHOro | 8 3-4 2 6 5 4
rasa.
3. | OCHOBBI KBAaHTOBOH CTATHCTHKH. 5-6 PK-1
4. | O6mue moHATHS TEPMOANHAMUKHI 7-8 2
5. | YpaBHeHue coCTOsTHU 9
TEPMOJAMHAMHYCCKON CHCTEMBI. 10 2 6 2 6
IepBoe HAYATIO TEPMOJMHAMHUKH.
6. Bropoe Hadaino TepMOAMHAMUKH. 8 1112_ 2 6 3 6 PK-2
7. | Cocrosinue Bemectsa. Pa3oBeie 8 13-
2 6 3 6
TIePEeXObL. 14
8. | Kanonmueckoe pacmpeneneHue 8 15- :
TuG6ca. 6| 2] ° 6 PK-3
Hroro B 8 cemecTpe 16 48 44 | Dx3amen (36)
1. | BBenenue. Tunbl MeKaTOMHBIX CBSI3EH 9 1-2 2 6 2 4
2. | CuMMmeTpusi KpUCTAIIOB 9 3-4 2 6 2 4
3. | PenTreHoBckuii CTPYKTYpHBIN aHAIH3. 9
MeTonp! onpeieeHus 5-6 2 6 2 6 PK-1
KPHUCTAJUTUYECKHUX CTPYKTYP
4. | TemioBble CBOMCTBA TBEPBIX TEI 9 7-8 2 6 2 6
5. | DieMeHThI 30HHOH TeOpHUH TBEPABIX 9 9-
2 6 1 6
TN 10
6. | DACKTPONPOBOAHOCTH METAILJIOB 9 1112- 2 6 2 6 PK-2
7. | Hedexrsl B kpucTamiax 9 11?;- 2 6 1 6
8. | MarHuTHbBIE CBOWCTBA TBEPABIX T 9 1156- 2 6 1 6 PK-3
Hroro B 9 cemectpe 16 48 44 | Dx3amen (36)
1. | Beenenue. Mcropuueckuii 0030p 10 | 1-2 2 6 2 5
2. | Moaenu aToMHOrO siapa. 10 | 34 2 6 2 5
3. | SnepHble cHITBL 10 | 5-6 2 6 2 5 PK-1
4. | SlmepHble peakuuu. 10 | 7-8 2 6 2 5
5. | PaguoakTuBHbIe peBpalleHusl. 10 0- 2 6 2 5
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6. | SlnepHas sHepreTuka. 10 1112- 2 6 5 5 PK-2
7. | AHTHYACTHIIBL. 10 1134- 2 6 1 5
8. | DnmemeHTapHBIC YaCTHIIBI. 10 15- 5
16 2 6 1
9. | Yersipe THIIa (byHIaAMEHTATBHBIX 10 | 17- 2 6 1 5 PK-3
B3aHMOJICHCTBHSI. 18
Hroro B 10 cemectpe 18 54 45 | Dxk3amen (27)
Hannuue B qucimmnuae KIT/KP
Hroro mo QUCHUILIAHE 100 | 300 446 | Dk3amen (36)
Ok3ameH (27)
Ok3ameH (36)
Ox3ameH (36)
Dx3ameH (36)
Jx3ameH (27)

CoaeprxaHue JeKIMOHHBIX 3aHATHH 10 JMCHUIINHE
S cemecTp

Tema 1. Beenenne B OKM. Knnemaruka.

OcHOBHbIE NMOHATHS KJITacCHuecKoil MexaHuku. [Ipenmer knaccuyeckoir MexaHuku. OOBEKTHI
M3YYEHUS KJIACCUYECKOW MeXaHUKHU. [IpocTpaHCcTBO U BpeMs KiiacCUUeCKOM MeXaHUKH. CHcTemMbl
orcuera. Paznensl kitaccuueckoil MexaHuku. CriocoObl 3aJaHusl IBUKEHHSI MaTEpUATbHON TOUKH.
BekropHslii crioco0 3amanus neumwxeHus. EcrecTBeHHbl criocob 3aganus aBuxenus. KoopanHaTHbli
cnoco0 3ananus ABKeHus. CBsA3b MEXKAY pa3HbIMU CIIOCOOAMHU 33JaHHsI IBUKCHUS TOUKH.
Kunemaruka. Kunemarnueckue XapakTepuCTUKU a0COIOTHOTO IBH)KEHUS TOUKU. BeKTopHBIi
croco0 3amanvs (BrxkeHus. KoopanHaTHBIN crioco0 3a1aHus ABMKCHUSA. ECTECTBEHHBIH CITOCO0
3aJJaHusl IBUKCHMSL.

Kunematnyeckne XxapakTepUCTUKN JBUKEHUS TBEPAOTO TEJIa U BEIPAKECHUE
KHHEMaTUYEeCKHX XapaKTePUCTHK €ro ToueK. 3a1aHue IBUKEHUsI CBOOOJHOIO TBEP/IOTO TEa U €T
TO4eK. HacTHbIE Cilydau IBH>KEHUS TBEPAOro Tena. KnHeMarnueckue XxapakTepuCcTUKU
BpAaIaTEeIILHOTO IBUKEHMS Tella BOKPYT HEMOABUKHON OCH. BrIpakeHne KWNHEMaTHYECKUX
XapaKTEPUCTUK TOYEK TBEPAOIO TeJa, BPAIAIOIIETOCS BOKPYT HEIOABUKHON OCH. BelpaxxeHue
KMHEMATUYECKUX XapaKTEPUCTUK TOYEK TBEPAOTrO TeJla IIPU BPAILEHUH TeJla BOKPYT HEIOABUXKHOMN
TOYKH U B 00ILIEM cllyyae ABM)KEHUS Tea.

®opmyinsl Ilyaccona. Kunemarnueckue XapakTEpUCTUKH OTHOCUTEIIBHOTO JBUKECHHUS
MaTepuanbHoi Touku (KnHeMaTHka ClI0KHOTO IBUKEHUS TOUKHU). 3a/1aHue IBUKEHUS TTOABHKHOM
CHCTEMBI OTCUeTa U JIBUKEHUs Touku. OnpeneneHus. COOTHOIIEHHE MEXIY a0COTIOTHBIM U
OTHOCHTEJIBHBIM JIBUKEHUEM TOUKH. TeopeMa 0 CII0KEHUH CKOPOCTEW TOUKH. Teopema O CII0KEHUN
YCKOPEHUU TOYKH.

Tema 2. OcHoBbl fuHaMuku HeloToHa.

OcHOBBI MEXaHUKH HbIOTOHA. 3akoHbl HetoToHA. Cuita u macca. IlepBblii 3akoH HeroToHa
— 3aKOH MHepuHH. Bropoii 3akoH HproTOHAa — OCHOBHO# 3aKOH MeXaHUKHU. TpeTuit 3akoH HeroToHa
— 3aKOH PaBEHCTBA JIEUCTBUS U POTUBOACHCTBUA. [IpHHINII HE3aBUCUMOCTH ACUCTBUS CUIL
OcHoBHas 3a1aya MexaHuku. JuddepeHunanbHble ypaBHEHHS IBUKEHUS TOUKH.

IlepBas 3a1aya TMHAMUKU — OIIPEIEIICHUE CUJIBI 10 3aJaHHOMY JIBH KEHMIO. Bropas 3amaya
JUHAMMKH - OTIpe/ieJieHre ABMXKEHUS 110 3aJJaHHBIM cujiaM (OCHOBHAs 3a7aya MexaHukH). HauanbHbie
ycnoBus. [IpHHIMT MPUYMHHOCTH KJIACCMYECKON MEXaHUKH (IPUHIMI npuunHHOCTH Jlarmaca).
OO01muit myTh penieHrs OCHOBHOM 3ajjaun MeXaHuKu. [IpuMepsl perieHrs OCHOBHOW 3ajaun
MEXaHUKHU I IPSIMOJIMHEWHOI O JBUKEHHUS MAaTEPUAIILHOM TOYKU. Y CIIOBUE IIPSIMOJIUHENHOCTH
nBukeHnus Toukd. Citydaidl moctostHHOM cuiibl. Cydaid cuiibl, 3aBUCSIIEN OT CKOPOCTHU JABHKEHUS
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Touku. Ciyyall CUJIbI, 3aBUCSIIECH OT MOJIOKEHHS TOUKH. Perenne oCHOBHOM 3a/1adya MEXaHUKH TSI
«KPUBOJMHEUHOTO JIBUKEHUS TOUYKHU MOJ JEHUCTBUEM MOCTOSHHOW CHJIBI.

Tema 3. /IuHaMHuKa KPUBOJIUHEHHOT0 IBUKEHUS TOYKH.

Perrenre ocHOBHOM 3a/1au MEXaHUKH JJI1 KPUBOJIMHEUHOTO JBUYKEHUS TOUKH 10]1
JICUCTBUEM LIEHTpaIbHOM CUiIbl. OnpeesieHue HeHTPATIbHOU CHiibl. [IBUsKEHUE TOUKHU MO/
JICUCTBUEM LIEHTPAJILHOM CUJIBI BCEraa miockoe. Kak JBHKETCS TOUKa MOJ AEHCTBUEM LEHTPAIbHOMN
cuibl. TpaeKkToOpHsi TOYKHU, ABMIKYIICHUCS O] ICHCTBUEM IIEHTPAIBHON CUJIBL. TPacKTOpHs TOUKH IS
CIIydasi CUJIbl 00paTHO MPOMOPIMOHATBHON KBAAPATy PACCTOSHUS.

Tema 4. O0mue TeopeMbl IMHAMMKHA U 3aKOHBI COXPAHEHMSI.

OOume TeopeMbl AMHAMHUKH U 3aKOHBI coXpaHeHus. HTerpansl qudQepeHnnanbHbIX
ypaBHeHH nBrkeHUs. OOIIHMe TeOpeMbl JUHAMUKHY, WJIH 3aKOHBI N3MEHEHHSI B MEXaHHUKE.
Orpezenenre BEIMYUH, XapaKTepU3YIOIMUX ABMKeHne. OrnpeiesieHue BeJIMUYUH, XapaKTepU3YIOIInuX
JIICUCTBUE CUIL.

Tema 5. 3aKoHbI H3MEHEHUSI MOMEHTA MMITYJIbCA U KHHETHYECKOIH JHEePTruu.

YHUBEPCATLHOCTH 3aKOHOB U3MEHEHHUS U 3aKOHOB COXPaHEHHUs. 3aKOH U3MCHEHUS
MMITYJIbCA M 3aKOH COXPAaHEHHUS UMITYJIbCA. 3aKOH H3MEHEHHS UMITYJIbCA. 3aKOH COXPaHEHUS
umnynbsca. CoxpaHeHHe UMITYJIbCa B HEKOTOPOM HarpaBieHuH. L{eHTp Macc cucTeMbl TOYEK.
[Tonoxenue 1eHTpa Macc CUCTEMbI TOUEK. TeopemMa 0 IBIKCHUH IIEHTPa MacC CUCTEMbI TOUEK.

3aKOH U3MEHEHHS] MOMEHTA UMITYJIbCa U 3aKOH COXPAHEHUSI MOMEHTA UMITyJibca. 3aKOH
M3MEHEHUSI MOMEHTAa UMITYJIbca. 3aKOH COXpaHEHUsS MOMEHTAa UMITyJIbca. Bpalenue TBepioro tena
BOKPYT HETIOJABUKHON OCH.

Tema 6. IToJist. 3aK0H coXpaHeHUs] MEXaHNYeCKOH IHEPIUM.

3aK0H U3MEHEHUSI KHHETUYECKON SHEPTHH U 3aKOH COXPaHCHUS MEXaHUYECKOW SHEPTHUH.
3aK0oH U3MEHEHUsI KHHETUYECKON YHEPTHH JIJIl MAaTEPUATIbHON TOYKU. 3aKOH U3MEHEHUS
KHHETHYECKON PHEPTUH JIJI CUCTEMBI TOUYEK. BhIpakeHne KHHETHYECKON SHEPTUH CHCTEMBI TOUCK
yepes LeHTp Macc (Teopema Kénura).

CuioBoe mnose. [ToTeHIManbHOE CHIIOBOE TI0JIE. DJIeMeHTapHas paboTa MoTeHIIUaIbHOU
cuibl. Haxoxaenue norennuana cuisl. Bunel cui. [IpuMepsl noteHuanbHbIX noiei. @usndeckuit
cMbICI noTeHuana. [loreHnnanpHas sHeprus MaTepraibHOM TOYKU B MMOTEHIIMAIBHOM CUIIOBOM
noyie. Mexanuueckasi SHepTUsi MaTepUaIbHON TOUKH. BHYTpEHHSSI MOTEHIIMAIbHAS YHEPTUSI CUCTEMBI
TOYEK.

Breminsis noTeHmanbHasi SHEPTUsi CUCTEMBI TOYEK. MexaHn4ecKast SJHEPTUsi CHCTEMBI
TOYEK. 3aKOH COXPAHEHUS] MEXAaHUYECKON SHEPTUU TOUKH. 3aKOH COXPAHEHUS MEXaHUYECKON
SHEPTUU CUCTEeMbI Touek. [I[puMeHeHre 3aKOHOB U3MEHEHUS K JIBIDKEHHUIO TOYKH B IICHTPATLHOM
nosie. YeTbIpe nepBbIX MHTErpaja ABMKEHUS. Tpu BTOPBIX UHTErpaja ABUKEHUSI.

Tema 7. Innamuka HUCO. 3agaua aByx Tei.

JIBu>keHMe TOUKH B HEMHEPIIMATIBHOW cucTeMe oTcueTa (/[nHaMuka OTHOCUTENEHOTO
JIBUXKEHUS TOUKH). [luddepeHnnanbable ypaBHEHUS OTHOCUTEIBHOTO IBUKEHUS TOUKU. CHIIbI
WHEpUUU. Y CIOBHUS, IPU KOTOPBIX MOJABUKHAA cucteMa K' siBigercs nHepunanbHou. [IpuHun
oTHocuTenbpHOCTH I anmnes.

3anaua nByx Ten (Kemnepona 3anaua). [luddepenunanbabie ypaBHEHHs aOCOIIOTHOTO
JBIDKEHUS B 3a7a4e BYyX Tell. JuddepeHnansabie ypaBHEHNUS OTHOCUTEIIBHOTO JIBIXKCHUSI B 3a71a4€
nByx Ten. MaTerpan kunernueckoi sHeprun. Kocmuueckue ckopoctu. O pelieHr OCHOBHOM
3a/1auyu MEXaHUKH JIJIs1 CACTEMBI N To4eK. 3amada N ten u Tpex Tei. O pemeHnn OCHOBHOM 3a1a4n
MEXaHUKH JIJIT HECBOOOIHOM CHCTEMBI TOUEK.

Tema 8. AnasnTuyeckasi Mexanuku. Il puHunbI.

OcHoBbI aHanUTHYECKOM MexaHuku. OCHOBHBIE onpeaeneHus. Heceobomnas cucrema
touek. Bumsl cBszeit. [lepemenienust Touek. Yncno crenenei cBo060 bl [locTynar numeanbHBIX CBSA3CH.
[IpuHimnel MexaHuku. [IpyuHIMT BUPTYaIbHBIX IEpEMELICHUI.

[punnun Janam6epa-Jlarpanxka. Juddepennuanbubie ypaBHEHUs 17151 HECBOOOTHOM
cuctembl ToueK. O6001IeHHBIE KOOPIUHATHI, 00OOIICHHBIE CUITBI U 0000IIEHHBIE CKOPOCTH.
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VYpasuenus Jlarpanxka. [Ipumepsl npumenenus ypasHeHnuit Jlarpansxka. [lopsamok cocraBiaeHus
ypaBHeHul Jlarpanxa. YpaBHeHus Jlarpanxka 1 MOTEHIUAIBHBIX CUJL.

Tema 9. YpaBuenus Jlarpan:ka u I'amuiabToHA.

VYpaBuenus Jlarpanxa Juist CHCTEM C AMCCUIIATUBHBIMU CHJIaMHU. BOIIpoCkl HHTErpUpOBaHMS
ypaBHeHwui Jlarparka. O6001IeHHBIC UMITYJILCHI. 3aKOH COXpaHeHHs Heprun. KaHoHnueckue
ypaBHEHHS | 'amMmuibTOHA.

Kanonnueckue nepemenssle. Juddepennunanbapie ypaBHEHUS B KAHOHUYECKUX
nepeMeHHbIX. Bonnpocel HHTEerpupoBanus ypaBHeHui I'amunbrona. [{uknndeckue uHTErpasl.
Nurterpan suepruu. [punnun ['amunsroHa-OcTporpaackoro.

6 cemectp

Tema 1. BBenenune. Ucropudeckuii 0030p. IJjeKTpoCcTaTHYECKOE 110JI€, €r0 CUJIOBbIE U

JHepreTHYecKue XapaKTepuCcTUKH.

ITocraHOBKa 3a/1a4 3IEKTPOAMHAMUKN. MUKpPO U MakpodaeKTpoauHamuka. dusndecku
0eCKOHEUHO MaJible 00beM, TUIOIIAIKA, OTPE3OK.

3axoH Kynona. HanpsbxeHHOCTB 3i1ekTpocTaTndeckoro nos. [Tpunnun cynepno3unuu.
[Tone pactpenenennbix 3apsaoB. [loTok BekTopa HamnpskeHHOCTH. Teopema OcTtporpanckoro-I ayca.
[ToreHIManbHBIN XapaKTepP MEKTPOCTATUUECKOTO MOJI, LIUPKYJIALNS BEKTOPA HAIIPSHKEHHOCTH.
[Torenuunan. ['pagueHT noTeHnMaNa U HaPsLKEHHOCTD MOJIs. DHEPIHsl B3aUMOEHCTBUS
JNEKTPUUYECKUX 3apA0B. [I[pOBOJHUK B 2JIEKTPUUYECKOM I10JI€. DHEPTHUs 3apSHKEHHOIO IPOBOAHMKA U
3apsKEHHOIO KOHJIEHCATOPA.

Tema 2. DJIeKTPOMArHUTHOE 110JIe B JMIJICKTPUKAX. YPAaBHEHHE 3JIEKTPOMATHUTHOIO

1oJIsl.

[Tonsspuzanus AMAIEKTPUKOB. BEKTOp 21€KTpUUECKON MHAYKIUU. JIUII0JIb B 2JIEKTPUYECKOM
noJie. DIEKTPUYECKOE I10JI€ B AUDJIEKTPUKE. Y paBHEHUSI MakcBena v rpaHUYHbIE YCIOBUS B
3JIEKTpOCTaTUYECKOM nosne. YpaBHeHus [lyaccona-Jlamnaca.

Tema 3. IlocTOAHHBII 3J1eKTPUYECKH I TOK

OcHoBHbIe NOJ10keHUs. 3akoH OMma B tuddepeHuansHoi popme. Jpyrue 3akoHblI
MOCTOSTHHOTO TOKa B A epeHnnambHoi Gpopme.

Tema 4. CTannoHapHoe MAarHUTHOE 1OJIE U ero xapakrepucruku. KBasucranmonapnoe

3JIEKTPOMATrHUTHOE I10JIe.

MarautHoe 1ose JUHEMHBIX IOCTOSHHBIX TOKOB. 3akoHbl Amnepa m bno-Casap-Jlamnaca.
MaruautHoe 1nojie 0ObEMHBIX U MOBEPXHOCTHBIX TOKOB. 3aKOH IMOJIHOTO Toka. JluddepeHunanbHoe
YPaBHEHHE MAarHMTHOIO IIOJI IIOCTOSIHHBIX TOKOB. BEKTOpHBIM MOTEHIMAND CTallMOHAPHBIX
MarHuTHbeIX nojnei. YpaBHenue Ilyaccona-Jlarmutaca nius BEKTOPHOIO NOTEHIMANIA B OTCYTCTBUH
MarHeTUKOB. MarHuTHOE MOJI€ NMOCTOSHHBIX TOKOB B OJHOPOJHBIX MarHeTHKax. BekTrop MarHuTHON
nHaykuuu. IlomHas cucrema ypaBHeHMid MakcBena g CTaMOHApPHOIO MAarHUTHOTO IIOJS B
OJIHOPOAHBIX MarHeTHKax. [ paHUYHBIE YCIOBUS.

VYcnoBue KBa3UCTalMOHAPHOCTH. Y PaBHEHHE JIEKTPOMArHUTHOM MHIYKIUHU B
muddepeHmanbHoOR Gpopme. DHeprus B3aumoeiicTBusa TOKoB. KoaddpuieHT B3auMHON HHIYKIMH.
KoadumenT caMonHaAyKIIMU. DHEPTUsl CUCTEMBI TOKOB.

Tema S. IlepemMeHHOE 3JIEKTPOMATHUTHOE I10J1€.

[TonHas cuctema ypaBHEHHH 3JIEKTPOMAarHUTHOTO MOJIS. 3aKOH COXPAHEHMS SHEPTUU
AJIEKTPOMArHUTHOTrO nosisd. Bekrop YmoBa-IloliHTHHra. ENMHCTBEHHOCTH pelIEHUs] ypaBHEHUN
ANEKTPOAMHAMUKH. MMITynbe anekTpoMarauTHOro nosis. JlaBiueHnue cpeta. Penienue ypaBHeHU
Makcgerna METoJOM 3JIEKTPOAMHAMUYECKUX MOTEeHIManoB. Y paBHeHue JlenamoOepa.

Tema 6. JneKTpOMAarHuTHbIE BOJIHBI. M3/1ydeHne 3JIeKTPOMarHMTHBIX BOJIH.

3ana3abIBaOLME MOTEHIMAIIBL. Y CJIOBHE KBa3UCTALlMOHAPHOCTH NoJs. ["TapMoHMUeckuii
OCLIWJUIATOP M €T0 U3JTyYEHUE.

Tema 7. OcHOBBI 2J1eKTPOHHOM Teopun Jlopenua

OrpaHn4eHHOCTh MAKPOCKOMMYECKOH 3JIEKTPOIMHAMUKU. BBe/ieHe B MUKPOCKOTTMYECKYIO
NIEKTPOJMHAMUKY. Y paBHeHus: MakcBena-Jlopenna. Ycpennenne ypasaenuit Jlopenna. Cuibl
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Jlopenua. DieKkTpoHHAsA TEOPU OPUECHTAITMOHHOTO MEXaHU3Ma noJisipu3aui. OCHOBBI
KJIACCUYECKON TEOPUH U3JIy4EHHUs. DIEKTPOHHAs TEOPHsI HAMarHUYMBAHUS [1apa- U AMaMarHETHKOB.
7 cemecTp
Tema 1. TpyanocTn kiaccuveckoil GU3MKH, MPUBEININE K CO3IAHUI0 KBAHTOBOW MEXaHUKH.
Mopaenu cTpoeHusi aToMa.
1. Monenp abCOMOTHO YEPHOTO Tea.
2. ®opmymna Panes-/xunca. ®opmyna Buna.
3. ®opwmyna [Inanka, runoresa [Tnanka.
4. Ycnexu runotesbl [Inanka
5. CrpoeHue aToMa — KJitoueBasi mpoodiiema.
6. Atom atoma TomcoHa.
7. Omnwitel Pe3epdopna.
8. Mogenb atroma bopa.
9. Omsbitel @panka-I'epua.
Tema 2. MaTeMaTH4YeCcKHii annapaT KBAHTOBOW MeXaHUKH.
1. IIpocTpaHCTBO COCTOSIHHI U TPOCTPAHCTBEHHOE KBAHTOBAHMUE.
2. CootHoieHue Heonpeaenennoctu [ 'eizendepra.
3. OmepaTopsl U UX CBOKMCTBA.
4. TlpuHUUIIBI TOCTPOCHHSI MAaTEMAaTHUECKOr0 anmnapara KBaHTOBOM MEXaHUKHU.
Tema 3. OcHOBHbBIE N0J10KeHHSI KBAHTOBOI MeXaHUKH.
1. CooTHolIeHHE HEOTPEIEIEHHOCTH U U3MEPEeHHsI (PU3NUECKIX BETUYUH B MUKPOMHUPE.
2. OyHKIUSA COCTOSHUS U ee Ppusmueckuii cMbica. OCHOBHBIE TIOJIOKEHHUS KBAHTOBOH MEXaHUKH.
3. OmnepaTopsl UMITYJIbCA U DHEPTHUH.
4. HecranuonapHoe u craunonapHoe ypasHenus Llpenunrepa.
Tema 4. JInneiinblii rapMOHUYeCKH KBAHTOBBIH OCHUJLIISITOP.
1. Vpasnenue lllpeaunrepa 1ist TMHEHHOIO FTApMOHUYECKOTO OCLUIIIATOPA.
2. BwiBog BOTHOBOH (YHKIUU.
3. KBaHTOBaHME COCTOSIHUN U SHEPTHHU.
Tema 5. YacTMna B OAHOMEPHOM H TPeXMEPHOM MOTeHUHMAJbLHOM sumke. IIpeogosienmne
yacTHIel MOTEeHIHAJBHOI0 0apbepa.
[TocraHOBKa 3a/1a4¥ YaCTHUIIBI B OTHOMEPHOM IOTEHIIMAIILHOM SIIUKE.
VYpasuenue lllpennnrepa u ero pemenue.
@yHKIMS INIOTHOCTH BEPOSITHOCTH JIJIs1 KBAHTOBOT'O U KJIACCUYECKOI'O CIIy4aeB.
TpexmMepHbIi MOTEHINATbHBIN SAIIUK.
VYpasuenue lllpeaunrepa u MeTo pa3ienacHNs IEPEMEHHBIX.
TeMa 6. KBaHTOBas1 Teopusi aTOMa BOJ0OPO/A.
VYpasuenue lllpeaunrepa 1uist 27€KTpOHA B LIEHTPAIBHOM I10JI€ IPOTOHA.
Paznenenne nepeMeHHBIX.
Tpuana ypaBHEHUN.
KBaHTOBaHue MpOEKIIMN MOMEHTA UMITYJIbCa U MOAYJISI MOMEHTA UMITYJIbCA.
@DyHKIMS COCTOSHUS aTOMa BOAOPOJA.
[TpocTpaHCcTBEHHOE KBAaHTOBAHHE.
KBaHTOBaHUE YHEPIUH.
TeMa 7. MHOr03/1eKTPOHHBbIEe KBAHTOBbIE cucTeMbl. CTpoeHHe 3JIEKTPOHHBIX 000104 €eK.
B3aumoneiicTBie opOUTaIbHOIO MArHUTHOTO MOMEHTA C MAarHUTHBIM T10JIEM.
Hopmanbuslit a3gdext 3eemana.
AnomanbHbIl 3¢ ekt 3eemana. Cnun snekrpona. Oneitel Ll Tepra-I'epnaxa.
ONEeKTPOHHbIE 000JI0YKHU U CIIOU. DIEKTPOHHAs CTPYKTypa aTOMOB.
[Tepuoanueckas cuctema 3JEMEHTOB.
TeMa 8. ATomMHBbIe U MoJieKyJasipHbIe opouTaan. Teopus JTKAO
1. AtomHas opOuTamb — GYHKIMS TNIOTHOCTH BEPOSITHOCTH aTOMHOT'O 3JIEKTPOHA.
2. Busyanuzamnus atomHbIX opoutaneii. Cummerpus S-, p-, d-opouraei.

NogokrowhbdEg OrONE

agbrwbnE
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3. BsaumopeiicTBue aToMHBIX opOuTaneil. CBA3bIBAIONIME W PA3PBIXJISIIONIAE MOJICKYJISPHBIC
opouranu.

Mounekyna Bozbl. [ mOpuauzamnusi opoOuTaIICH.

Sp°-rHOpHIM3AIIS, MOTEKy/Ia MCTAHA.

SP°-rHOpHAM3ALIS, MOJIEKYIIA ITHIICHA.

Sp-ruOpuan3aIus, MoJIeKyJsa aleTHIeHa.

TeMa 9. OcHOBBI TEOPHH NMPEACTABJIEHHUIA.

Paznoxxenne QyHKIIUN COCTOSIHHSI 0 COOCTBEHHBIM ()YHKITUSIM OIIepaTopa.
EBKiM10BO N-MEpHOE MPOCTPAHCTBO.

O6o03nauenus {upaxa.

OCHOBHBIE TIOJIO)KEHUSI KBAHTOBOW MEXAHUKH.

IIpuMepsl pa3aIuyHbIX IPEICTABICHUMN.

No ok

NS

8 cemecTp
Tema 1. ®a3oBoe NPOCTPAHCTBO B TEPMOJANHAMHUKE

Tepmonnnamuueckas cuctema. CTpyKTypHBbIN OAX0A. MONEKyIIpHO-KHHETHYECKAs! TEOPHUs
cTpoeHus BemectBa. CucteMubii (peHoMeHonornueckuii moaxos. Tepmonnnamuka. [Tonsitue
¢azoBoro npocrpancTBa. Pa3opas Tpaekropus. [ uapoannamuueckas anaisorus. Teopema JleyBuis.
Craructuueckuit ancamoiib. TepmoinHaMudeckasi BEposiTHOCTh. Teopema Mapkosa.

Tema 2. Kitaccuueckasi Teopusi HjaeajbHOro raza
Pacnpenenenue [lyacona. Pactipenenenne MakcBemia no npoeKuusam CKOpOCTEN MOJIEKYI.
Pacnpenenenne MakcBeiuia mo MOAysIsIM CKOpOCTel U 1o sHeprusMm. Pacnipenenenne Makcseia-
bonbumana. Cratuctuka Maxkcsemna-bonbumana. @opmyna Topuuenu.

Tema 3. OCHOBBI KBAHTOBOH CTATHCTUKH

KBaHTOBBIE CHCTEMBI M MX CBOWCTBA. PacmpeneiieHHEe BEPOATHOCTEH II0 JHEPrUsM B
npoctpancTBe. Cratuctuka 0030HOB. Pacnpenenenue bosze-Oitnmreiina. Ctatuctuka (GpepMHOHOB.
Pacnipenenenune ®@epmu-/Iupaxa. Sueprust @epmu. [loBepxnocts depmu.

Tema 4. O011Me NOHATUSA TEPMOANHAMUKHI

Tepmogunamuyeckas temneparypa. HymneBoe Hayano TepMoguHaAMUKU. TepMOIUHAMUYECKAS
cuctema. PaBHOBECHbIE M HEpaBHOBECHBIE COCTOsHMA. KBasucratmdeckue mpoueccel. Yucio
CTerneHel cBOOO bl TEPMOAMHAMMYECKOIN CUCTEMBI.

Tema S. YpaBHeHHe COCTOSIHUS TepMoAMHAMHU4Yeckod cucrembl. IlepBoe Hauaj10
TePMOIMHAMMKH.

[TapameTpsl, ypaBHEHUS U PYHKIIUH COCTOSIHUSI TEPMOTUHAMUYECKON CUCTEMBI. Y paBHEHUE
MenpeneeBa-Knaneiipona. Ypasuenue Ban-nep-Baansca. TepmonnnamMuueckue K03pPUIMEHTHI U
temnoeMkocTb. IlepBoe Hauano repmoauHamuku. Csaszp Cp u Cy. Annabatudeckuii nporecc.

Tema 6. Bropoe Haua/jio TepMOAUHAMUKH

Tennoseie asuratenu. Lukn KapHo. DHTponus kak GyHKIUN COCTOSHUS. DHTPOIHS
aanabaTUYeCKUX MPOLECCOB. DHTPOIHUS UCATbHOrO raza. Pacmupenue nuieanbHOro ra3a B IyCcToTy.
TepmoauHaMudeckue GyHKIHU.

Tema 7. Cocrosinue BemectBa ®a3oBbie nepexoabl

N3orepmbl Ban-nep-Baanbcaro @a3oBbie mepexoisl IEpBOro u Broporo poxaa. dopmyia
Kianelipona-Knay3uyca. J[marpamma cocrositHus. TpoiiHas Touka BemecTtBa. JKUAKOE COCTOSIHHE.
IToBepxHocTHOE HaTskeHue. Popmyna Jlamnaca. KanumisipHoe sBieHue.

Tema 8. Kanonnueckoe pacnpeneaenne ['m00ca.

Pacnpenenenue I'n66ca. @opmyna. bonpimana st suTponuu. CTaTUCTUYECKUNA CMBICIT
sHTponuu. Bropoe Hauano TepMOAMHAMUKH U SHTpONHs. TpeTbe Hayano TEPMOJUHAMUKH.

9 cemectp
Tema 1. BBegenne. Tunbl Mme;kaTOMHBIX CBSI3€H
1) Kpucramnmueckue u amopdHbIe Tema.
2) KoBajeHTHas CBSI3b.
3) Ban-gep-BaaibCcOBO B3aUMOICHCTBHE.
4) WouHHas CBSI3b.
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5) BomopoaHas CBSI3b.

6) Meramindeckas CBS3b.
Tema 2. CuMMeTpHs KPUCTAJJIOB

1) Omepanuu CHMMETPHH KOHEYHBIX O0BEKTOB.

2) 32 xjacca TOYEYHON CHMMETPHH.

3) Kpucrammyeckas pemérka. 14 tunos pemérok bpage.

4) CuMMeTpHUs KPUCTAUTHUYECKUX CTPYKTYP. 230 MpOoCTpaHCTBEHHBIX TPYIII CHMMETPHH.
Tema 3. PeHTreHoBcKkMii CTPYKTYPHBIN aHan3. MeToabl onpeaeeHusi KPHCTATIMYECKUX
CTPYKTYp

1) OcHoBbI TeOpHUH AUPPAKITUH.

2) Ycnosue Jlayo.

3) OOpatHast peméTKa.

4) Metox Jlays.

5) Merton BparieHus.

6) PentreHorpadus MOJIMKPUCTAIIOB.

7) ®dazoBas npobiema PCA.

8) IIpsiMble METOBI pacIIi(MPOBKH.

9) IlaTTepCOHOBCKHE METOJIbI PACIIU(PPOBKH.

10) MeTopl CHCTEMAaTHYECKOTO TIOMCKA.
Tema 4. TenioBble CBOMCTBA TBEPABIX TeJ

1) BosHbI B OAHOMEPHOM OJJHOATOMHOM KPHCTAJLIE.

2) dDoHOHHAs MOJIEINb TCIUIOBBIX KOJICOAHHIA.

3) TemtoBoe paciinpeHue.

4) TemnonpoBOIHOCTb TBEPABIX TEI.

5) TemnoéMKOCTb TBEPIBIX TEIL
Tema 5. J1eMeHTHI 30HHOM TeOPUH TBEPABIX TeJl

1) OaHO3IEKTPOHHAS MOJIETh KPUCTAILIA.

2) DHepreTHYecKue 30HbI KPUCTAILIA.

3) OOpa3zoBaHue YHEPreTHUESCKUX 30H B YIPOLIEHHOH MOJIENN KpHCTAILIA.

4) 3oHHas TEOPHs MPOBOIUMOCTH.
Tema 6. D1eKTPONPOBOAHOCTH METAJIJIOB

1) Kiaccudeckas 2JI€KTpOHHASI TEOPHSI METAILIOB.

2) KBaHTOBas cTaTUCTHKA AIIEKTPOHOB B METAILIE.

3) CBepxmpoBOIUMOCTb.
Tema 7. [lerekThbI B KpUCTAJLIIAX

1) Toueunsie nedextol. Bakancuu n Mexoy3us. MexaHu3M BOSHUKHOBEHUS COOCTBEHHBIX

neheKToB.

2) Jluneiinsie nedextsl. KpaeBas U BHHTOBAs TUCITOKAIMN
Tema 8. MaruuTHble CBOWCTBa TBEPABIX TeJl

1) JInamarnetusm. MexaHW3M JHaMardeTu3Ma.

2) TlapamarueTusm. MexaHu3M MapaMarHeTH3Ma.

3) deppomarneTusMm. Mexanusm peppomMarHeTusma.

10 cemecTp

Tema 1. BBenenue

1. Hcropuyeckuii 0030p HU3MKHU sApa U HJIEMEHTAPHBIX YaCTHII

2. VcTOYHMKH DIIeMEHTAPHBIX YaCTHIL. Y CKOPUTEIH

3. JlereKkTophl YacTHUI]

4. Meron paccesHUs
Tema 2. Moaeu aToMHOI0 sigpa.

1. CocraBHBbI€ JIEMEHTHI s]Ipa

2. SlnepHast «300J0THI»

3. Kanenbnas Mmozens sapa. ®opmyna Beiinzekkepa



14

4. OO6omoveuHas MOJEIb siIpa
Tema 3. SInepHblie cuibl.
1. OcHOBHBIEC CBOWCTBA SICPHBIX CHJI
2. Me3oHHas TeOpUs SACPHBIX CHII
3. Tlonesas Teopus siEpHBIX CHII
Tema 4. SInepubie peakuum.
1. OOmue cBeneHUs O AAECPHBIX PEAKIIUIX
2. MexaHU3MBI SICPHBIX PEaKIINi
3. MexaHu3M CIIOHTAHHOTO JIEJICHUS TSKENbIX sSIep
4. Jlenenue sjiep o JeHCTBUEM HEUTPOHOB
Tema 5. PaguoakTuBHbIE NIPeBPALLICHUS.
Tunsl pagnoakTUBHOCTH
o — pacnan
[} — mpeBpaiieHue
Y — U3JIy4eHue
3aKoH paJIMOaKTUBHOTO pacraja
PannoakTuBHbBIE PSAAbI U TPAHCYPAHOBBIE 3JIEMEHTHI
TeMa 6. Sinepunasi JHepreTuKa.
1. LlenHble siaepHbIE peakluu
2. SlpepHblii peakTop
3. Peaxiuu cunresa. TepMosaepHBIi yIpaBliseMblii CUHTE3.
Tema 7. AHTHYACTHLIBI.
1. Teopwus Jlupaka.
2. TIpoctpanctBa MHHKOBCKOTO.
3. Cummerpus npoctpancTBa MUHKOBCKOTO U @HTUYACTHIIBI.
Tema 8. Di1emeHTapHbIe YaCTHIIBI.
Knaccudukanus sneMeHTapHbIX YaCTHII
XapaKkTepUCTUKH YaCTHI]
3aKOHBI COXpaHEHUs B (PU3HKE YACTHI]
MynbTHIUIETH YaCTHI]
KBapkoBas Mozenb
TeMa 9. Yerpipe TUNA GyHAAMEHTAILHBIX B3aUMO/1€CTBUSI.
DJIEKTPOMAarHUTHOE B3aUMOJIEHCTBHE.
Cnaboe B3auMoielicTBHE.
CuiibHOE B3aUMO/ICHICTBHE.
Teopust BEIMKOTO O0BETUHEHUS.

oukrwnE

oA W

el NS

Conepmaﬂne NMPAKTHYE€CKHUX 3aHSATHH MO JUCHUILIUHE

S cemecTp
Tema 1. Beengenne B OKM. Kunematuka.

Pemenne 3amau: 10.2 (1, 2, 3), 10.14, 10.18.
Tema 2. OcnoBbl inHaMuku Hororona.

Pemenne 3amaq: 10.3, 11.5, 11.17.,12.13, 12.22, 12.26.

Tema 3. lnHaMHKa KPUBOJIHUHEIHOI0 IBHKEHHS] TOYKH.

Pemenwne 3agau: 22.11, 22.27.

Tema 4. O0mme TeopeMbl JMHAMHMKH M 32KOHBI COXPAHEHUSI.

Pemenne 3agaq: 23.4, 23.28, 23.52.

Tema 5. 3aK0oHBI HI3MEHEHUSI MOMEHTA HMITYJIbCA M1 KHHETHYEeCKOI YJHEePTruu.
Pemenwne 3agau: 26.13, 27.32, 27.60, 27.59.

Tema 6. IToJisi. 3aKoH cOXpaHEHHUsI MeXaHUYECKOH JHePIruu.

Pemenwne 3agaq: 28.4, 37.55, 37.56., 36.9, 36.12.
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Tema 7. Innamuxa HUCO. 3agaua nByx TeJ.
Pemenne 3agau: 2.19, 8.25., 30.19, 31.3, 31.22, 38 4.
Tema 8. AnasmTudeckasi Mmexanuku. [l puHIUNIBI.
Pemenne 3agaq: 46.1, 46.15, 46.21.

Tema 9. YpaBuenus Jlarpan:ka u I'amuibToHA.
Pemenue 3anau: 47.1, 47.5, 48.29, 48.13, 48.23, 48.35. 54.2, 55.4.

3anaun u3 «COOpHUKA 3a/1a4 TI0 TeopeTrueckoit Mmexanuke» 1.B. Memepckoro 1986 rona Beimycka.
6 cemectp

Tema 1. DnekTpocTaTH4YecKoe 1MoJie, ero CUJI0Bbie M JHepreTn4ecKue XapaKTepUuCTHKH.
Pemenue 3ana4 Ha TEMBI:
3akoH Kynona. HanpsixeHHOCTB asiekTpoctatudeckoro nouis. [Tpunuun cynepnosunuu. ITone
pacnpezneneHHbIX 3apsaaoB. [loTok Bekropa HanpsbkeHHOCTH. Teopema Octporpanckoro-layca.
[Torenuunan. ['pagueHT noTeHUMAaNa U HAIIPSHKEHHOCTD MOJIs. DHEPrUs B3aUMOIEHCTBUS
INEKTPUYECKUX 3apA10B. DHEPIHsl 3apsyKEHHOTO IPOBOJHUKA U 3aPsKEHHOI0 KOHJIEHCATOPa.
Tema 2. J1eKTPOMarHuTHoOe 1oJie B AUYIEKTPUKAX. YPAaBHEHHE JIEKTPOMATHUTHOIO I1OJIS.
Pemenue 3a1a4 Ha TEMBI:
Bekrtop snexkrpudeckoi HHAYKIMU. [IUII0Ib B 3JIEKTPUYECKOM I0JIe. Y paBHEHU MakcBena u
IPaHUYHBIE YCIIOBHS B 3JIEKTPOCTATUUECKOM ToJe. YpaBHeHus Ilyaccona-Jlamaca.
Tema 3. IlocTOAHHBII 3J1eKTPUYECKHI TOK
Pemenue 3a1a4 Ha TEMBI:
3akon OMa B quddepenunanpHoi hopme. Jpyrue 3aKkoHbI TOCTOSHHOTO TOKA B TU(epeHInaatbsHONu
dbopwme.
Tema 4. CraumoHapHoe MarHuTHOe IoJie W ero xapakrepuctuku. KBasmcranumonapsoe
3JIEKTPOMATHHUTHOE I10JIe.
Pemenne 3ana4 Ha TEMBI:
3akonbl Amriepa u buo-Capap-Jlannaca. MaruutHoe nosie 0ObE€MHBIX M IOBEPXHOCTHBIX TOKOB.
3akoH monHOro TokKa. JuddepeHunanbHoe ypaBHEHHWE MAarHMTHOTO TIIOJII TMOCTOSIHHBIX TOKOB.
BekTopHBIM MOTEHIMANI CTAlMOHAPHBIX MArHUTHBIX Iosied.Bexkrop marHuTHOM MHAYKUMU. [lonHas
cucreMa ypaBHeHUM MakcBena Ui CTallMOHApHOTO MarHUTHOTO IOJIS B OJHOPOJHBIX MarHeTHKaXx.
I'pannuHbIe yCnoOBUS.
Pemrenue 3agad Ha TEMBL:
VYcioBue KBa3UCTAMOHAPHOCTU. Y paBHEHUE 3JIEKTPOMAarHUTHOW MHAYKIMM B AU(epeHInanbHOM
dopme. DHeprus BauMoaecTeus TokoB. Koadduument B3anmuoi naaykuuu. Koapduument
CaMOMHIYKIUHU. DHEPIHUsI CHCTEMBI TOKOB.
Tema S. IlepemeHHOE 3JIEKTPOMATHUTHOE I10J1€.
Pemenue 3a1a4 Ha TEMBI:
[TonHas cucremMa ypaBHEHUH AJIEKTPOMArHUTHOTO MMOJIsA. 3aKOH COXPAaHEHUs SHEPTUU
JIEKTpOMarHuTHOro nosis. Bekrop YMosa-IlolinTrHra. IMITys1bC 3JIEKTPOMArHUTHOTO TIOJIA.
[aBienue ceera. Pemenne ypaBHeHUd MakcBeia METOIOM 3JIEKTPOIMHAMUYECKUX TOTEHIIUAJIOB.
Tema 6. J1ekTpoMarauTHbIe BOJTHBIL. M3/1y4eHne 3JIeKTPOMATHUTHBIX BOJIH.
Penrenue 3amad Ha TEMEL:
3ama3apIBaOLME OTEHIMAIIBI. Y CIIOBUE KBa3UCTALIMOHAPHOCTH MOJIs. ["TapMOHMYECKUI OCIIMILISATOD
Y €0 U3JIy4YCHHE.
Tema 7. OcHOBBI 2J1eKTPOHHOI Teopun Jlopenua
Penrenue 3amad Ha TEMEL:

VYpaBaenust Makcsena-Jlopenua. ¥Ycpennenue ypasaenuit Jlopenna. Cuiel Jlopenna.

7 cemecTp

Tema 1. TpynnocTn kiaaccnueckoi (pu3nkm, nNpuBeamIe K CO3AAHUI0 KBAHTOBOH MEXaHUKH.
Mopesn cTpoeHus1 aToma.
Monenb abcomoTHO yepHoro tena. @opmyna Panes-/xunca. @opmyna Buna. @opmyna [Tnanka,
runote3a [Inanka. ¥Ycenexu runoress! [nanka
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Crtpoenue aToma — KitodeBas mpooiema. Atom aroma Tomcona. Onbiter Pezepdopna. Monens
atoma bopa. OneiTel ®panka-I'epua.
Tema 2. MaremMaTH4ecKHUil annapaT KBAHTOBOH MeXaHUKH.
ITpocTpaHCTBO COCTOSIHMM U TPOCTPAHCTBEHHOE KBaHTOBaHWE. COOTHOIIEHNE HEOTIPEAEIEHHOCTU
['eiizenbepra. OnepaTopsl U UX cBOMCTBA. [IpUHIUIIBI TOCTPOCHU MaTEMAaTHYECKOr 0O anmnapara
KBaHTOBOW MEXAHUKHU.
Tema 3. OcHOBHBIE 10/107K€HUS] KBAHTOBOI MEXaHUKH.
CooTHOIIICHHE HEOMPEACICHHOCTH M W3MEpeHUs (PU3MUECKUX BEIMYMH B MUKpomupe. DyHKIUSA
cocTosiHUSL U ee (u3nueckuid cmbici. OCHOBHBIE MMOJIOKEHHUS KBAaHTOBOM MexaHMkH. Omneparopbl
uMmInyiabsca v sHepruu. HecraunonapHoe u cranuonapaoe ypaBHeHus Ipenunrepa.
Tema 4. J/InHeiiHbIH rApMOHMYECKH I KBAHTOBBIN OCUMJLISITOP.
VYpaBnenue [Ipeaunrepa aist JMHEHHOTO FAPMOHUYECKOTO OCHMILIATOPA. BBIBOI BOJIHOBOM
¢byukiun. KBaHTOBaHNE COCTOSTHUI U SHEPTUU.
Tema 5. YacTnna B OAHOMEPHOM H TpeXMepHOM MNOTeHUHMAaJbHOM smuke. IIpeoxosenmne
yacTuleil MOTeHUHAJIbLHOro 6apbepa.
[TocraHoBKa 3a7aun YacTHUIbl B OJIHOMEPHOM IOTEHLIMAIbHOM simuke. YpaBHeHue Ulpenunrepa u
ero pemenre. OyHKIMSA TUIOTHOCTH BEPOATHOCTU JJIsI KBAaHTOBOI'O M KJIACCHYECKOI'O CIy4aesB.
TpexMmepHbIN NOTEHIMAIBHBIN UK. Y paBHeHue [lpenunrepa u Meros pas3ieneHus IepEMEHHBIX.
Tema 6. KBanToBasi Teopusi aTomMa BOAOPoOaA.
VYpasuenue Llpeaunrepa 1ist 3J€KTpoHA B IEHTPAIbHOM I10JI€ IPOTOHA. Pa3enenue nepeMeHHbIX.
Tpuana ypaBHeHuii. KBaHTOBaHME IPOEKIIMM MOMEHTA UMITYJIbCA U MOAYJISI MOMEHTA UMITYJIbCA.
@yHKIMS cOCTOAHUS aToMa Bogopoja. [IpoctpancTBenHoe kBaHTOBaHUE. KBaHTOBaHKE YHEPTHUM.
Tema 7. MHOr03/1eKTPOHHBbIEC KBAHTOBbIE cUCTeMbl. CTpoeHHe 3J1eKTPOHHBIX 000J104€K.
BsanmopnelicTBre opOUTAIBHOTO MarHUTHOTO MOMEHTA ¢ MarHUTHBIM nojieM. HopManbHbIi 3¢ ekt
3eemana. AHomanbHbIl 3ddekr 3eemana. Cnun saektpoHa. Onbitel Hltepna-I'epnaxa. Crnun
AJIEKTPOHA. DJIEKTPOHHBIE OOOJOYKM M CJIOM. DJEKTPOHHAs CTPyKTypa atoMoB. llepmonnueckas
CHUCTEMA FJIEMEHTOB.
Tema 8. ATomHbIe U MoJieKyJIsipHble opOuTaan. Teopus JIKAO
AToMHas opOuTanb — (YHKIMS IUIOTHOCTH BEPOSITHOCTH aTOMHOTO 3JIEeKTpoHa. Busyanmuzarus
aTOMHBIX opOuTanei. Cummerpus S-, p-, d-opOutaneit. B3aumopelicTBue aTOMHBIX OpOUTAJICH.
CBs3bIBAIONIME U PA3PBHIXJISIIONIME MOJIEKYNIApHble opOutanu. Monekyna Boabl. ['uOpunmzanus
opOuTaeil. sp3-r1/16p1/1)11/13au1/1${, MOJIEKyJIa METaHa. sz-m6pnzu/13aum, MOJIEKYyJIa STUJIEHA. SP-
TUOpUAM3AIMS, MOJIEKYJa alleTUJIeHA.
Tema 9. OcHOBBI TeOpHH NpeaCTABJICHU.
Paznoxenue ¢GyHKIMN COCTOSHUS MO COOCTBEHHBIM (YHKLHUSAM omeparopa. EBKINI0BO N-mMepHOE
npoctpancTtBo. O6o03HaueHus [upaxka. OCHOBHbBIE NOJIOKEHHS KBAHTOBOW MeXaHUKHU. [Ipumepbl
pa3IMYHBIX MIPEACTABICHUI.

8 cemectp
1.1. Yacruma maccel m = | mBmkercst B mortenmmare V() = x'- x°. Haiitn TouKu paBHOBECHS
CUCTEMBl U HCCIEeA0BaTh BUJA (Aa30BbIX TPAEKTOPUM B OKPECTHOCTH JTUX ToueK. M300pa3uth
rpaduyecky NoTeHIHaN U (pa3oBble TPAEKTOPUN CHCTEMBI.
1.2. To e ISt HETMHEHHOTO OCIMJUIATOPA C TAMIJIBTOHHAHOM A = (1/2)x” - o’cos x.
1.3. /IBe oOauHAKOBBIE YACTHUIIBI COBEPIIAIOT OJHOMEPHOE JBIDKCHHE B (GIIIUKE» JTUHOM L,
UCTIBITBIBAS a0COJIOTHO YIPYrHe COYAapeHus Jpyr ¢ JpyroM H co creHkamu. Ilycts B
HAYaJbHBII MOMEHT BPEMEHHM YacCTUIbl pACIHOJOKEHbl Yy MPOTHUBOMOJOXKHBIX CTEHOK, a
CKOpPOCTH UX Vi M V2 HallpaBlieHbl HaBCTpeuy Apyr Apyry. HapucoBare (a3oBy0 TpaeKTOpHIO OAHOM
W3 YaCTHII TS HECKOJBKUX 3HAaYeHUH oTHOIIeHus vi/Vy (1;2;3; ...).
1.4. JIns dvacTumbl ¢ Maccod m, JBurarouieiics B kKybe c pebpom L, ucnbiThiBas ympyrue
coyJapeHusi Ha CTEHKaX, HaWTH 4YHUCJIO KBAaHTOBOMEXAHMYECKHX COCTOSIHUM C OSHEPrusMu,
MeHbIIUMH E, M CpaBHUTh €ro ¢ COOTBETCTBYIOUIMM 0OO0BEMOM ()a30BOr0 MPOCTPAHCTBA.
[Toka3zaTh, 4TO mMOCHEIHUN SBISETCS aauabdaTUYecKUM HWHBApUAHTOM, T.€., HE MEHSETCS IpHU
MEJICHHOM PaclIMpeHUH WM CXKATUU KyOa.



17

1.5. Haiitu o6wem ¢dazoBoro mpoctpancta I'(E), cooTBercTBytomuii sHeprusM, MeHbpiuM E, u
YHUCJI0 KBAHTOBOMeXaHM4eckux cocrossHuil g(E) c¢ sueprusmu, Menpmmmu E, g nuHeiHoro
rapMOHHMYECKOT0 OCHUIUISATOPA.

1.6. Haiitu o0veM ¢(a30BOro mpOCTPAHCTBA, COOTBETCTBYIONIUH JHEpPrusM MeHblne E, s
cuctemMbl U3 N 4YacTHI[ C Maccoil m, JABHUTaloLIUMXCs BHYTpU Kyba ¢ pebpom L, ucnbIThiBas
YIPYTHUE COYAAPEHUs CO CTEHKAaMU SIIMKA U IPYT € APYTOM.

1.7. KakoBa BEpOATHOCTH TOr0, YTO MpPU CIy4YalHOM M3MEPEHUU TMOJOKEHUSI YaCTHILbL,
COBEpIIAIOIICH TapMOHMYECKHE KojeOaHuss 1o 3akoHy X = XOcosmt, MOJOKEHHE YaCTHIIBI
okakeTcst B uHTepBaie (X, X+dx)? BerauciuTs <x%>.

1.8. Ouenuth BpeMmsi Bo3Bpara i 1ukia [lyaHkape MakpOCKONHMYECKOW CHUCTEMBI Ha

npuMepe ra3a, HaxoAsamerocs: B 00brdHbIX yesnoBusix (N=10 eM, Mar=107%r, v=2.10% em/cex [MV2
~ KT]). Cuutate, 4YTO pa3Mepbl sdYelKkd (a30BOr0 MPOCTPAHCTBA, B MpPEICIbl KOTOPOW
BO3BpAIIAETCsl CHUCTEMa NpPU JBMXKEHUH BJOJIb (Ha30BOW TPAEKTOPUH, COCTABISIOT mpumepHO 10
"eM o MPOCTPAHCTBEHHBIM KOOpPJIMHATAM U 107 r.cm/cex o nMmItyibscam (cp. Jlanacoepr, 1974, 3an.
27.10,11).

1.9. (Pemerounsrii ra3.) B kaxxaom u3 Np y3710B penieTkn MOXeT HaxoauTbes muoo 0, 6o 1 aTtom.
[Tyctb N aromoB cnyuaiiHO pacmpefeneHbl MO 3TUM Yy3naMm. HalTu 4ucio pacnoioskeHuit
d(No,N) aromoB mo y3mam, BepostHOCTh P(R,N) Toro, uro B R y31max pemieTtku ajacopOupoBaHO N
aTOMOB, CpeJHee 3HaUeHne <N> U CpellHee 3HaYCHUE <(An)2>, rae An = n -<n> .YO0eauThes, 4To MpU
n maneix P(R,n) nepexomut B pactpenencuue [lyaccona.

1.10. ITycts pemietka pa30buTa Ha yactd, conepxamme Ri y3m0B, Tak uro Y Rj = No. Haittu
BEPOSTHOCTh TOTO, YTO B KAXKAOH M3 ATHX YacTel HAaXOIHUTCS, COOTBETCTBEHHO, Ni aTromoB (X N;
= N) (o6o06menHoe runepreoMeTprueckoe pacnpenenenue). PaccMorpeTs mpenenbHblil caydail R;
>>n;.

1.11. PaccMoTpuM pemieTky, y3Jbl KOTOPO MOTYT BMECTHUTH JIFOO0OE YHCIIO «aTOMOBY. Haiitu B 3TOM
ciiydae yucio Bo3MOXKHbIX pasmeleHuil N atomoB 1o NO y31am 1 BeposiTHOCTH TOTO, uTO B R y31ax
pELIeTKN pa3MelEeHo N aTOMOB.

1.12. WpeanpHplii ra3, cocrosumii u3 N Momekyn, Haxomurcs B cocyae o0bemom V.
OmnpenenuTh BEPOSTHOCTh TOTO, YTO B 3amdaHHOM oObeMe V (<<Vp) Oyaer comepkarbCs B
JaHHBII MOMEHT N MoJekyhn. Haitu cpegnue 3HaueHus <nN> u <(An)2>. PaccmoTtpets
npeenbHble caydan a) N<<N; 6) n>>1, |An| << <n>.

1.13. Ilpu TEpMORJIEKTPOHHONH SMHUCCHUM TMPOMCXOJUT BBUIET JJEKTPOHOB C IOBEPXHOCTH
MeTajljla WIM ToaynpoBogHuka. [lpenmomaras, 4YTO BBUIETBI 3JIEKTPOHOB CTaTHUCTUYECKU
HE3aBUCHUMBbIE COOBITUSI U BEPOSATHOCTh BBUIETA OJIHOTO DJEKTPOHAa 3a OECKOHEYHO Mallblif
npoMexxyTok BpemeHu Ot paBra nOdt (N0 - mocrosiHHAs), ONMpPEACIUTh BEPOSTHOCTH BBUIETA N
AJIEKTPOHOB 3a Bpems t. Hailtu cpenHue 3Ha4eHust <n> u <(An)2>.

1.14. (Ilpobnema cnydaiiHpix Omykganuii.) YacTtuia, Haxonmsdmascs B HUCXOJHBIHA MOMEHT B
Hayaje KOOPJAMHAT, IEJaeT B CJENYIOIIMI MOMEHT CKadyoK Ha €IMHHUIlYy JTUOO BIIpaBo, TMOO0 BJIEBO
C OJJMHAKOBOW BeposATHOCTHIO. Ompenenuth BepositTHOCT PN(l) Toro, 4ro yepes N maroB yacTHia
okaxercss B Touke | omHOMepHOU pemieTku. PaccMoTperh mpelesbHBIA Citydaid OOibIIuX N.
[lonaras cpenHMii HHTEpPBAJI BPEMEHH MEXKIY CKaukKaMU paBHBIM tp, mepenucatbpe3yiabTaT B BUIC
BEPOSITHOCTH TOMAJIaHMsI YacTHUIBI B TOUKYy X uepe3 Bpems t (=ntp). O000mUTs pe3ynbTaThl Ha
ciyuyail OuykJaHMs TO JIBYMEpPHOM KBaJpaTHOM M TpexMepHOW KyOMYecKoil perieTkam.

1.15. Ilycts B 3amaue O JNMHEWHBIX OJYXJaHUAX BEPOSATHOCTh CKayka BMpaBo (P) MpeBbIlIaeT
BEPOSTHOCTh CKauka BJeBO (4 = 1 - p), a B eAMHUIly BPEeMEHHU 4YacTHIA COBEpIIaeT W CKayKOB.
OnpenenuTb CpeHIO CKOPOCTh MEPEMEIIEHUS YaCTHIIBI.

1.16. (JIunewnpiii nonmumep.) IlonmumepnHas menouka cocToMT u3 N 2IEMEHTOB JIUHBL P,
KOKIBIH M3 KOTOPBIX MOXET OBITh C OJIMHAKOBOM BEpOSITHOCTHIO HANpaBiI€H BIPAaBO WIIU
BJIEBO, TaK 4YTO J[Ba COCEAHUX DHJIEMEHTa IMpPEACTABIAIOTCS JNHUOO Tak: ——, JUO0 Tak: <.
HaiiTu BepoATHOCTH TOro, YTO JUIMHA MOjJMMepa (paccTOsHUE MO NPSMOM OT XBOCTa IEPBOTO
arieMeHTa /10 BepirHbl N-To a1eMeHTa) paBHa lp. Haiitu cpenHioo uMHy nojaumepa.
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1.17. Ilycte yribsl MEXKOYy IIOCIEAOBATEIbHBIMU  JJIEMEHTAMH TOJMMEPAa COBEPUIEHHO
IIPOU3BOJIBHBL: TOCIAEAYIOIIMM 3JIEMEHT C paBHOW BEPOSATHOCTBIO MOJKET paclojaratbCsi B
J000M 3JIeMEHTE TelecHOro yria. Hailtu cpenHuil kBaapaT JUIMHBI MOJIEKYJbl B 3TOM Cllydae.
1.18. IlycTp mocienoBaTeNbHBIE AIIEMEHTHI IMOJUMEPHOW IETMOYKH 00pa3yloT (PUKCHPOBAHHBIHI
yroi 6, HO BO BCEX OCTaJbHBIX OTHOIIEHUSX coujeHeHue cB0oOoaHO. [Tokazate, uro mpu N >>1
<r’> = Np*(1 + cos 0)/(1 - cos 6).

1.19. [okasarh ciemyroliee CBOWCTBO MAaTPHIIbI IJIOTHOCTH: SP pZS(Sp p)2. [Ipu kakom
YCJIIOBUHM UMEET MECTO PAaBEHCTBO?

1.20. B ogHOpOAHOM rase ¢ INIOTHOCTBIO N HaWTH BeposATHOCTH W(I) HaxOKICHHUS
OnmvKalIeld YacTUIIBI Ha PACCTOSHUM ' OT JaHHOW TOUKH, CpeqHHe <I> 1 <Ar2>.

2.1. Ilyctp g:CEN, rae C - koHcTanTa. HaiiTi SHEpruio Kak QyHKIMIO TeMIIepPaTypHhI.

2.2. OUeHHUTh OTHOCHUTEIBbHYIO OIIMOKY, BO3HHMKAIOIIYIO HPU HCHOiIb30BaHUU IN(Q102)max

BMecto INg(N, E) mpu BBIYKCIIEHUN SHTPOIMH COCTABHOW CITMHOBOM CHCTEMBI C N1:1022, No=10u E
=0 (N = N3+Np).

2.3 Haiitn sutpomumio pemerouHoro rasa o(No,N) u 3HTpomnuio “HEpaBHOBECHOTO COCTOSIHHUS
(No,N,R,n) aroro rasza (cm. 3amauy 1.9). [Ipu kakom n surponus 6(No, N, R, n) mocruraer
Makcumyma?

2.4. HaliTh SHTPOITHIO PEHIETOYHOrO «003€e-razay, onucaHHoro B 3ajaave 1.11.

2.5. Haiitu suTponuio cuctembl N JHMHEHHBIX OCHMIUIATOPOB C 4YacTOTOM @, TEMIEpaTypy Kak
GYHKIMIO SHEPruu, a TakKe DHHEPrui0, SHTPOIUI0O M XUMUYECKUN MOTEHLMANT Kak (YHKIIHIO
temriepaTypbl. HaprucoBath cCOOTBETCTBYIOIINE TPAPUKHU.

3.1. UsBectHO, uTO A HEKOTOporo BemiectBa (0p/0t)y = A+BV+Ct u CV = a+bV+ct+
+(l/2)dV2+th+(1/2)f12, rne A, B,C,a,Db,cd e f - nocrosuueie. HaiiTu cOOTHOMICHUS MEKITY
3TUMH TIOCTOSHHBIMH. Haiftn nHambonee oOmee BbIpaXeHHE M CBOOOJHON HSHEPruu,
COTJIACYIOMICECs C ITUMH JAHHBIMHU.

3.2. Halitm TepMoaMHAMHYECKUN TOTEHIMAN cucteMbl, ecimu CV = tha, p = br4; a, b -
HOCTOSIHHBIE KO3(DPUILIMEHTBI.

3.3. Jlokasath cootHomenue dp = - dV/(ktV) + aVdr/kr.

3.4. Jloka3aTh, YTO TEpECCUCHHE JBYX KBa3MCTATHYCCKMX aauadaT HEBO3MOXHO, TaK KakK 3TO
NPUBOIUT K HAPYIICHUIO puHIMma ToMcoHa.

3.5. TlokazaTh, 4YTO CIEAyIOIIHE WPOIECCH HEOOpPaTUMBI: a) CBOOOJHOE aJuadaTHIeCKOe
pacumupenue rasza, 0) mpouecc [[xoymns-Tomcona, T.e., aguabaTHYECKOE pacCIIMpEHUE Tra3za H3
cocTosiHus ¢ aaBiaenuem p qo p+dp (dp<0).

3.6. Jlokasath HepaBeHcTBa: (06/0p)H<0, (6c/0V)E>O0.

3.7. JlokazaTh cieayromune COOTHOICHHUS:

2

(OE (GE 1(6N) (¢E (o (8 (ép Y
(%) 5 G (& o (F) (2] -2,
Ot )y i 0t )yn  TUOM) ,\ONJ, \oV ), \aoVv ). C,\ot),

3.8. [MonyunTh BEIpaXkeHUE IS TerioeMkocTd C B IepeMeHHBIX T, W, V.
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3.9. Beuucurs Lap I-LE’V , b’ ptaﬁ v

3.10. IToka3aTh, 4TO a) eciM OOBEM CUCTEMbI JIMHEHHO 3aBUCUT OT TeMmmeparypel, To Cp He
3aBHCHUT OT JaBlieHUs; 0) eclu JaBieHHe JMHEHHO 3aBUCUT OT Temriieparypbl, To Cy He
3aBHCHUT OT 0ObeMa.

3.11. HaiiTi ypaBHEHHE COCTOSIHUS CHCTEMBI, IjIst KoTopoii (OE/0V)t = 0, (0H/op). = 0.

3.12. Hailitu paboTy, IpoU3BOAMMYIO HaJ HJICATbHBIM I'a30M, W KOJWYECTBO TEIUIa, MOJydaeMoe
UM, KOTJa Tra3 COBEpIIaeT KPYroBOM TPOIECC, COCTOSAIIMKA H3: a) JBYX M30XOPHBIX M JABYX
M300apHBIX MPOIECCOB, 0) ABYX HM30XOp M ABYX H30TEpPM, B) NIBYX H30TE€PM U JIBYX aauadar, T)
JBYX M300ap M JBYX M30TEPM, 1) IBYX M300ap U JIBYX aanadar.

P (a) P (b) P pt (d)
2,01 ffffffffffff 2P t-------
prf-— A N b ‘ Po Pel- ;
e 1 o pi |
i 1 i 1 Vv o . T
T T2 : VIID 2 VO v Vo 2V0 13 T2

3.13. Bplumcauth KO B Opoleccax, H300paKEeHHBIX Ha pucyHkax. Pabodee Teno -
OJIHOATOMHBIN UJICANIbHBIN ra3.

3.14. JIBa OAMHAKOBBIX IMapa ¢ MaccaMd M ¥ TOCTOSHHOW yIENbHOH TerioeMKocThio C
UMEIOT TeMIepaTypel Ti M Tp. HalTu uU3MEHEHWe DSHTPONUU MIAPOB TOCIE YCTAaHOBIEHUS
TEIJIOBOTO PABHOBECHS B PE3YJIbTaTe KOHTAKTA.

3.15. PaccMoTpeTs Bce BO3MOXKHBIE MPOIECCHI, C MOMOIMIBIO KOTOPBIX TEIO € TemIoeMKocThio C
MOJKET OXJIAJUTHCS IMyTeM OTJa4d Teruia oT temreparypbl Tl no 10 . Kak goOUThCS TOTO, YTOOBI
paboTa, coBepiiaemasi MpH 3TOM TMpoiecce, Oblla MakcuMmalbHOH? KakoBa 3Ta MakcuManabHas
BenuunHa? C - TOCTOSIHHAS.

3.16. Haiitu wMakcumanbHyl0 paboTy, KOTOPY0 MOXHO TOJIYYUTh TMPU  PACHIMPEHUU
OJIHOATOMHOTO HJICAJIbHOTO Ta3a B MYCTOTYy OT oO0bema Vi 10 obbema V, . B HauanbHOM
COCTOSTHUU DHEpTus ra3a paBHa Eo.

3.17. Haiitu ypaBHEHHE TIpoliecca, MPOUCXOJAIIETO C OAHOATOMHBIM HJICATBHBIM Ta30M TIPHU
MOCTOSIHHOM TeroeMKocT C.

4.1. BbluvcauTh OOJBIIYIO CTATCYMMY Ul MJEaJbHOIO ra3a B KJIACCHYECKOM pexume. Haiitu
00JbIION TEPMOJMHAMUYECKUM MOTEHLIMAJ, SHTPOMNHIO, CPEJHEE YMCIO YacTUIl U JIaBJICHHE rasa.
[Toxazate, 4TO IUCHIEPCHs YKMCIIa YaCTUL yIOBIETBOPsIET pacnpeaenenuto Ilyaccona.

4.2. Haiitu pacnpeneneHue BEpOATHOCTEH JJsi YIJIOBBIX CKOPOCTEH BpALICHUS MOJIEKYJIbI

uaeanbHoro ra3a. KuHermueckas 3>HeEprus BpallleHHs] MOJIEKYJIBI PaBHA Erot= Hro! + 1,0 + 1,0} lrz[e
®j - KOMIIOHEHTBI BEKTOpa YTJIOBOM CKOpOCTH, lj- TinaBHBIE

MOMEHTBHI HHepHuu. Haitn <oi*>. Bbuucmurhb BpAILIATEJIBHYID CTaTCYMMY HEJIMHEHHON
MHOTOaTOMHOM MOJIEKYJIbI B KITACCHUECKOM MPUOIMKEHUH.

4.3. Haiitu pacmnpeneneHue BEpPOSTHOCTEM /JIi KUHETUYECKOW HSHEPTUU MOJIEKYIbl UACAITBHOTO
ra3za. Beluncnute cpegHee u HauOoliee BEPOSTHOE 3HAYCHHS] KHMHETUYECKOM SHEPTHUHU.

4.4. Jlna Monekyl WAealbHOrO Tra3a BbLMUCIUTH (V') a Takke Haubolee BEpPOATHYIO
a0COTIOTHYIO CKOPOCTb.

4.5. Haiitu pacnpeneneHue BEpOSTHOCTEH [JIi CKOPOCTH OTHOCUTEIBHOTO JBHKEHUS JIBYX
OJIMHAKOBBIX MOJICKYN V' = V1 - V. Haiitu (|V'|).

4.6. Haiitu pacnpeneneHue MOJNEKyll MIEAIbHOIO Ia3a 10 CKOPOCTSM V| (BIOJIb HEKOTOPOH OCH) U
V. (B MEPIEHIUKYISIPHOM HaIMpaBieHUn). Berauciuts (Av lz).

4.7. ATOMBI HJ€AaNBHOTO Ta3a B COCTOSHUM TIOKOS M3Iy4aloT MOHOXPOMAaTHYECKUH CBET C
JUTMHOM BOJTHBI A9 1 MHTEHCUBHOCTHIO lg. HaifTu pacnipeneneHmne MHTEHCUBHOCTH M3JTyUEHHUS Ta3a U3
N aToMOB mpu TeMIeparype T.
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4.8. HaiiTu uymcio MOJEKyd WHACATBHOIO Trasza, CTAJKUBAIOIIMXCS B E€IUHUIY BpPEMEHU C
CUHULIEH TOBEPXHOCTU CTEHKH, CKOPOCTh KOTOpPHIX B HANpaBIIEHUH HOPMAIM K CTEHKE
MpEeBBIIIAET V).

4.9. B MONEKyIIpHOM IIyYKe, BBIXOSIIEM dYepe3 HeOOJbIIOE OTBEPCTHE B CTEHKE cocyaa C
UIcalbHBIM Ta30M TIpU TEMIeparype T, HaiTh 1) CpemHIO CKOpPOCTh MOJIEKyl <V>, 2)
CPEJIHIOI0 SHEPTUI0 MOJIEKYI <€>.

4.10. HaiiTu cwily CONPOTHBIICHHS, NCUCTBYIOIIYI0O Ha KyO ¢ peOpom @, IBHUTAIOIIMICST B
pa3peKEHHOM Ta3e MIpU TEeMIepaType T CO CKOPOCTHIO V, MEPIEeHAMKYISIPHOW T'paHU Kyoa.
CTONKHOBEHHUS MOJIEKYJI C TPaHAMHU KyOa CUUTATh a0COJIIOTHO YIIPYTHUMH.

4.11. Chepa pammyca R aBmkercs cO CKOPOCTBIO V. B HJICATLHOM Ta3e C IUIOTHOCTBIO Ny H
Temrneparypoil t. B mpeamonoxeHuH, 4TO CTOJKHOBEHMS YacTUIl Ta3a co chepoil abCONOTHO
yIpyTHe, ONPENeIUTh CHITy CONTPOTHBIICHUS, UCIIBITBIBAEMOTO CEepoil pH ee IBUKCHHH.

4.12. Boruncnuth TemnoeMkocTb Cy OECKOHEYHO BBICOKOro crosida wuaeaisbHoro rasza u3z N
YacTUI[ MacChl M B TMOJIe CHJIBI TsOKeCTH. HalTu BBICOTY IEHTpa TXKECTH CTOoi0a Haf
MOBEPXHOCTHIO 3EMIIU.

4.13. Haifti 9acToTy MasbIX KOJICOAHHMI MOPITHSI MacChl M U IUIOMAAHN S, Pa3AeIsSIONIero 1BE YacTH
(o6bembr V1 1 V2) 3akpbhITOro cocyaa C HICAIbHBIM Ta30M IPH TEMIIEPAType T W IaBICHUH
P; TpeHHE OTCYTCTBYET, I'a3 TEIJIOU30IMPOBAH.

4.14. HaiitTu TepMOAMHAMUYECKUE XAPAKTEPUCTHKU YIbTPAPEIATUBUCTCKOTO KIACCHYECKOTO
UJCANBHOTO Ta3a (PHEprusi 4YacTull €p =Cp, TJE€ C - IOCTOSHHAasA, P - a0COJIOTHAs BEIMYMHA
UMITYJIbCA).

4.15. Yactunpl uAeaqpbHOrO Tas3a HAaXOJATCsl B IEHTPAIbHOM Moje ¢ noTeHuuanom U(r) = -
Upln(r/a), r <a u U(r) = oo, r > a. HaiiTu naBjieHHE NP T = a ¥ TETUIOEMKOCTb CHCTEMBI.

4.16. BbluMcauTh IUIOTHOCTH cocTosiHMM D(€) B ciayyae OJHO- W ABYMEPHOIO JBUKECHHM
CBOOOHOM YaCTUIBI MACChI M.

4.17. HUccnenoBarh  3aBUCHMOCTb ~ XMMMUYECKOTO  IOTEHLIMala OT  TeMIepaTypel s
BbIpOXKJIeHHOTO Depmu-ra3a B 0JTHO- U IBYMEPHOM CIIyYasiX.

4.18. Haiitn XuMHu4YeCKHWi TOTEHIHAT JIBYMEpHOTro 0Oo3e-raza. Bo3mokHa 1 003e-KOHICHCAIHS
B 9TOM cirydae?

4.19. Haiitu ypaBHEHHE COCTOSHHS HAEAJBHOIO raza B KJIACCHYECKOM MPUOIIMKEHUH C YYETOM
MIEPBBIX MOMPABOK HAa HAYAJIO BBIPOXKICHUS.

4.20. Monens 3Be361 "Oembiif kapnauk'": Macca M = 10% I, COCTaB - IeJIni, II0THOCTh ~ 107 r/em®,
temneparypa ~ 107 K (aToMbl mOJTHOCTBI0O HOHU3UPOBaHbI). OLeHuTh a) Temmneparypy Pepmu; 0)
JABJICHUE DJIEKTPOHHOI'O ra3a; B) COOCTBEHHYIO TI'PAaBUTAL[MOHHYIO SHEPIHIO 3BE3/IbI.

4.21. 1na BeipoxkaeHHoro raza ®epmu Berauciuth Cp - Cy U CKUMAEMOCTB K.

4.22. B 2JIeKTpOHHOM Ta3e HAlTH pacrpeesieHue JIEKTPOHOB M0 KOMIIOHEHTE CKOPOCTH Vy. Haitu
<VX2> npu T = 0.

4.23. HaiiTu cpeaHee YUCIO CTOJIKHOBEHHUH C €QUHUIEH NOBEPXHOCTH CTEHKH 32 EIUHUILY
BpeMeHH B raze @epmu npu T = 0.

424. DHeprus SIEKTPOHOB B MeTamie paBHa € = (px +py’)/2mi+pz/2m,. Haiitn sHepruio
®epmu. Berancuts (v,2) mpn T = 0.

4.25. Tlokasatp, 4TO B Cllydae CTaTHCTHKH bo3e-DitHmrelina . (0t o)y <0

4.26. HaiiTu TJIOTHOCTH TE€PMOAJIEKTPOHHOTO TOKa JJI METasla ¢ MOTEHIUATbHBIM OapbepoM Ha
IIOBEPXHOCTH U>>T.

4.27. HaiiTu  TepMOAMHAMUYECKHUE  XAPAKTEPUCTHUKU  YIBTPAPEISATUBUCTCKOTO  CHIIBHO
BbIpOXKJIeHHOTO ra3za depmu (SHEprus 4acTUIBl paBHA €=CpP, P - UMIIYJIbC, C- CKOPOCThb CBETA).

5.1. Haiitu TemnepaTypHyIO 3aBUCUMOCTb JaBJICHHS HACBHIIIEHHOTO Mapa HaJa TBEPAbIM TeJoM (Iap
paccMaTpuBaTh KaK WACAIbHBIM Ta3, TEIUIOEMKOCTH ra3a W TBEPJIOro Tella MOCTOSHHbIE). DHEprus
CBSI3M MOJIEKYJI B TBEPJAOM Teje paBHa &0.

5.2. Haiitu Ttemnepatypy (asoBoro mepexona U 00JacTH CYIIECTBOBaHMS METaCTaOMIIBHBIX
COCTOSIHMM CUCTEMBI ¢ TEPMOJIMHAMUYECKUM OTEHIIMAIOM
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G =G Jr,Jlar(’J:—’co)n2 +%bn4 +%cn6

rae a>0, b<0, c>0.

5.3. Paccmotrperp B pamkax Teopud Jlammay ¢a3oBbIi  Tepexoj B CHCTEME C
JIBYXKOMIIOHEHTHBIM IapaMeTpoM Mopsiaka 1(1inz); TePMOIUHAMUYECKUM MOTEHIIUAT

CUCTEMBbI UMEET CJEeIYIOIINI BUI:

n)—CrOJr T n1+r11)+ b( nl—na) +cmnq b>c>0.

5.4. Ha uzotepme rasa BaH-nep-Baanbca IIpU TEMIIEPATYpe HUKE KPUTUIECKON HAUTH TOUKY,
COOTBETCTBYIOILYIO JIaBJICHUIO, MPU KOTOPOM MPOUCXOAUT (ha30BbIi HEpexo]l («IIpaBHIIO
wiomazae Makceesiay).

5.5. Haiitu kxputrdeckue nokasarenu i raza Ban-gep-Baanbca.

5.6. Haiitu Termmory nepexona nis raza Ban-nep-Baanbca a) B OKpeCTHOCTH KPUTHIECKOM TOYKH, 0)
pu T<<TC.

6.1 Haiitu cpeanmii kBagpar (IyKTyallld SHEPruu (B3sSB B KayeCTBE HE3aBHCHMBIX
NEPEMEHHBIX TU V).
6.2 Haiitu < ApAT >, <ApAV >, < AcAV >, < AcAt >.
6.3. Haiitu cpeanuii kBaapat GuIyKTyaluu SHTANbNNUN (HE3aBUCUMBIE TIEPEMEHHBIE P U G).
6.4. Haiitu cpeqauii kBaapaT QIyKTyally YUCiIa YacTUIl B 33JaHHOM 00beMe; pacCMOTPETh CITyJan
UJ€aNbHOIO rasa.
6.5. HaiiTu cpeqnue kBaapaTuuHble QUIyKTyalluu 4yucen 3anosiHenus B @epmu- u bose-razax. 6.6.
Onpenenuth cpenHUd KBaApaT (QUIYKTyallMd YHCIa 3JEKTPOHOB MPOBOJUMOCTH B METAUIE MPHU
TEMIIepaTypax, MaJIbIX 110 CPAaBHEHHUIO C Temneparypor depmu.
6.7. Haititu <AEAN> nis cUCTEMBbI, OIMUCHIBAEMON OOJNBIIMM KaHOHHYECKHUM PacIpeICICHUEM.
6.8. Haittu cpennuii kBaapat GaykTyaluu CKOpOCTH TeJa.
6.9. HaiiTu cpeanuii kBaapaT GIyKTyalu CKOPOCTHU 3JIEKTPOHA B MOJIHOCTHIO BBIPOKICHHOM
AJIIEKTPOHHOM rase.
6.10. Haiitu cpemnuii kBaapaT (pIyKTyallUOHHOTO OTKJIOHEHHS OT BEpPTHKAIU JUIS
MaTEeMaTUYECKOT0 MasTHHUKA.
6.11. Haiitu cpemnuii kBaapaT (pIyKTyallMOHHOTO OTKJIIOHEHHS TOYEK HATSHYTOM cTpyHbL. Cuia
HaTsDKEHUS CTPYHBI paBHa F, qnmuHa ctpyssl 1. OnpenenuTs Takke cpeHee 3HAYCHUE
npou3BeeHus (IYKTYallMOHHBIX CMEIICHUN ABYX Pa3NUYHBIX TOYEK CTPYHBI.
6.12. BbluciuTh CpeaHIO KBAJIPaTHUYHYIO (DIYKTyaIdio SHEPTUH JTUHEHHOTO TapMOHUYECKOTO
OCIMJUIATOPA YacTOThl ®. PaccMOTpeTh KIIACCHMUECKHIl M KBAaHTOBBII
OCLIWJLIATOPBI.
6.13. Haiitu cpemnuii kBaapaT (ayKTyallud >HEPTMH YEPHOTO W3Iy4eHUS B 3aJaHHOM
WHTEpBaJe 4acToT.

9 cemecTp
Tunbel MEKaTOMHBIX CBSI3EH.
DHeprusi B3auMOJIEUCTBUS aTOMOB M KPUCTAJTTMYECKOMN PEIIETKH.
[TocTostnaas MajenyHra B OTHOMEPHBIX U TJIOCKMX MOHHBIX KpUCTaJlIax.
['eomeTpus KpUCTATIIMYECKON PEIIETKH.
MeXII0CKOCTHBIE PACCTOSIHUS.
Kpucrannorpaduueckue WHACKCHI Y3JIOBBIX PSAA0B U TUIOCKOCTel. Muaekcs Munepa.
DOneMeHThl CHMMETPUU B KpHUCTANIaX W HX TMPEJACTAaBIEHHE B MATPUIHOM BHJIC.
BSaI/IMO,Z[CI/ICTBI/Ie CUMMETPUNHBIX TPE0Opa3OBaHUM.

NoabkowhE

8. BriBoa 32 k1accoB TOUEUHONW CUMMETPHUH KPUCTAJIIOB.
9. 14 tumnoB pemerok bpasa. [IpocTpaHCTBEHHBIE 3JIEMEHTBI CUMMETPHH.
10.  KnaccHblif BBIBOJ MPOCTPAHCTBEHHBIX TIpynn cuMMmeTpud. 230 (eaopoBCKHX Tyl

CUMMETPUHN KPUCTAILIOB.
11.  Teopwus nudpakuu peHTTE€HOBCKHX JIydeil Ha KpUcTallIax.
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12.  VYcnosus Jlays.
13.  Ypasuenue Bynnda-bporra.

14.  Tlonstue obpatHoii pemetku. Cdepa oTpakeHUu IBOJIbIA.
15.  Penrtrenorpadus moJuKpHCTaILIOB.
16.  3oHHas TeOpus TBEPIBIX TEI.
17. JlnHamMuKa KpUCTAINIMYECKON PELIETKH.
18. TenmoeMKoCTh TBEPIBIX TEI.
19. TennonpoBoAHOCTb.
20. DNeKTpOHHAs TEOPUsI METAJIIIOB.
21. DNEeKTPOHHBIE CBOMCTBA OJTHOPOIHBIX MOJIYITPOBOIHUKOB.
22. [Tonspu3zanus u qucnepcusi.
23.  MarHuTHBIC CBOMCTBA TBEPABIX Tel. [lnamarHeTusM, mapaMaraeTu3m u (peppoMarHeTusm.
24, CBepXIpOBOIUMOCTb.
10 cemectp

Tema 1. Beenenue. Ucropunueckuii 0030p.

Omneitel Pesepdopna. Ddpdexr Komnrona. OTkpeiTHE HEHTPOHAIO

Tema 2. Moaeau aTOMHOI0 siApa.

KanenpHast mozens sapa. ®opmyna Beiimzekkepa. O0ojo4yedHass MOJIENb sapa. DHEPrus CBS3M spa.
Y nenbHast SHEPTUS CBS3U.

Tema 3. SlnepHble CHIIBI.

OcCHOBHBIE CBOWCTBa SIACPHBIX cWI. Me3oHHas Teopus siAepHbIX cui. llonmeBas Teopusl SIIEPHBIX CHIIL.
[Totenmman FOkaBpl. OOMEHHOE B3aHMO/IEHCTBHUE HYKIOHOB B SIpE.

Tema 4. SInepHble peaknnu.

MexaHu3Mbl IepHBIX peakuuid. MexaHu3M cpbiBa, MEXaHH3M COCTABHOrO sipa. MexXaHU3M CIIOHTAaHHOIO
JIeTICHUs] TSDKENBIX saep. Jenenue saep noa AeCTBUEM HEHTPOHOB.

Tema 5. PaqnoakTHBHBIE IPeBPaLlICHUA.

0 — pacmaji. 3 — mpeBpalleHue. Y — W3IydeHHe. 3aKOH paJiMOaKTUBHOIO pacnaaa. PaguoakTuBHBIE psAAbI U
TPaHCYPaHOBBIE HIIEMEHTHI

Tema 6. SInepHas 3HepreTuka.

Iennsle sinepHble peakuuu. Peaknny cuHTe3a. SlnepHble peaknny B HeApax 3Be3[. YTIIEPOAHO-a30THBIA U
BOJOPOAHBIN UKL HA CoNHIIE.

Tema 7. AHTHYACTHIILI.

Teopus Hupaxa. IlpoctpanctBa MuHKOBCKOT0o. CHMMETpHs MPOCTPAHCTBA MHUHKOBCKOTO M aHTHYACTHIIHL.
YetsipexmepHoe mpocTpancTBo-BpeMs. [IpoctpancTBo Munkosckoro. [IpeobpasoBanus JlopeHna.

Tema 8. DieMeHTapHbIe YACTHII.

3akoHBl coxpaHeHHs B (usuke wuactuil. MynbTumieTsl 4actun. KsapkoBas Mogenb. [IpeBpamienus
aneMeHTapHbIX yacTull. Juarpammer deiimana.

Tema 9. YUerbipe THNA PyHIAMEHTAJBHBIX B3aUMO/IeCTBHS.

OnekTpoMarHuTHOe B3auMmojeiictBue. Cnaboe B3aumojeiictBiue. CuibHOEe B3auMojelcTBHe. Teopus
BEJIMKOTO 00BbEeIMHEHNU .

5. OLIEHOYHBIE CPEJICTBA JJIS1 TEKYIIETO KOHTPO.I51 YCIIEBAEMOCTH,
MMPOMEKYTOYHOM ATTECTALIMY MO UTOTAM OCBOEHMUSI
TV CHUTIIMHBI
W YYEBHO-METOJIUYECKOE OBECIEYEHUE CAMOCTOSTEJLHOM
PABOTBI CTYIEHTOB

5.1. Tekyuuii KOHTPOJIb yCIIeBAeMOCTH
S cemect
Peiitunr-kourpoJs 1.Beenenne. Kunemaruka

1. OcHoBHBIE OHATHS (IIPOCTPAHCTBO, BPEMsl, CUCTEMA OTCUETA).
2.0O0BeKTHI IBIKEHUS M B3aUMOJICHCTBHS (MaTepruaibHas TOYKa, CHCTEMa TOYEK, TBEPIOE TETIO).
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3.Croco0bl 3amaHus ABMKEHUS TOUYKH (BEKTOPHBIM, KOOPAMHATHBIA, €CTECTBEHHBIN). CBS3b
MCKAY pa3HbIMU CHOCOG&MI/I ABHUKCHUSA TOUKH.

4. KunemaTHueckue XapakTEpPUCTUKU TOYKU (paanyc-BEKTOpP, BEKTOP CKOPOCTH, BEKTOp
YCKOPEHUS), UX BBIPAKCHHE MIPH PA3HBIX CIIOCO0AX 3aJaHMs IBHIKEHUSI.

5.3ajmaHue JBUKEHHS TBEPJAOro Tejla, KUHEMATHUECKHE XapaKTePUCTHKU BpallaTelbHOIO
JBUKCHHS TeJla | ToYeK Tena (popMyia Diinepa, yCKOPEHUE TOUEK).

6. AOCONIOTHOE, OTHOCHUTEIBHOE M TEPEHOCHOE MIBW)KEHHUSI TOYKU. Teopema O CIOKEHUU
CKOpPOCTEH.

7.AOCONIOTHOE, OTHOCHUTEIBHOE M TEPEHOCHOE JBIDKEHHS TOUYKH. TepeMa O CIOKEHUU
yckopeHui Touku. KoprnonucoBo yckopeHue.

PeidTuHr-KOHTPOJIB 2. OcHOBBI MexaHuku HbloToHA

1. OcHoBHBIE HOHATHS: CHJIA, Macca.

3akoHbl HproToHA.

3. Il 3axkon Heiorona. luddepenunanbupie ypaBHEHHs TOYKHM IPH Pa3IMYHBIX CIIOCO0ax

3aJlaHus JABHXKCHUS.

[TepBasi u BTOpas 3a/1a4ul THHAMUKH.

5. OcHoOBHas 3ajaya MEXaHUKH I TOYKUA M cUCTeMbl Todek. OOmmii nyte e€ pemenus. (§7
(§7.3-7.6)).

6. Ilpumepbl pemieHUS OCHOBHOW 3aJaydl MEXaHUKH [UIsl TPSIMOJIMHEHHOTO JBHXKEHUS
MaTepHaJIbHO TOYKH, B TOM YKCIIE I JTUHEHHOTO ocimuiiaTopa § 8, (8.4).

7. PemieHue OCHOBHOWM 3a/ladyll MEXAaHUKU Ui KPUBOJMHEWHOTO JBIKEHUS TOYKUA O]
JEUCTBUEM IMOCTOSIHHOM CHIIEL.

8. Pemienue ocHOBHOI 3a7jaun MEXaHUKU I LIEHTPAIbHO-CUMMETPHUYHOTO TOJIS: LIEHTPAIbHBIC
cwibl, JaudQepeHnanbHble ypaBHEHUS IBUKCHHS, WHTErpaj IUIOIMIAJCH, BTOPOW 3aKOH
Kennepa.

9. PemeHue OCHOBHOW 3a/ladll MEXAaHUKH JUIS [EHTPATBbHO-CHMMETPHUYHOTO TOJs: (opmylia

no

&

buH»3, TpaekTopus TOUKM Ui ciaydas CUibl F ~ i
r2

10. 3amaya n Tenm u Tpex Tan. 3amada aByx Ten (Kemmeposa 3amaua). JuddepennmanbHoe
ypaBHEHHUs a0COJIFOTHOTO U OTHOCUTENILHOTO JABM)KEHHUS B 3a7jaue JBYX Tejl. 3akoHbl Kemepa
(chopmynupoBarts).

11. Unrerpan kunetnueckoil sneprun. Kocmuueckue ckopoctu. X puznyeckuil CMbICI.

12. Onpenenenus BeNUYHMH, XapaKTEPU3YIOLINX ABHKCHHUE U IeHCTBHE CHIL.

13. 3ak0H U3MEHEHUS HMITYJIbCA U 3aKOH COXPAHEHUS HMITYJIbCA.

14. Ilentp macc cuctemsl Touek. [lonoxenue nenTpa macc. Teopema 0 JBH)KEHUH LIEHTpa Macc
CUCTEMBI TOYEK.

15. 3akoH U3MEHEHHs] MOMEHTA UMITYJIbCA U 3aKOH COXPAHEHUS MOMEHTA UMITYJIbCa.

16. Bpamenne TBepIOTO Tela BOKPYT HEMOJIBIDKHOW ocH. BreiBox mauddepeHnnaTbHbIX
YpaBHEHU JBUKEHHUS MaTEMaTHYECKOrO U (U3HMYECKOTO MAITHUKOB.

17. 3akoH W3MEHEHMs] KHUHETHYECKOM DSHEepruu Ui MaTepHalbHOM TOYKH M CHCTEMBI
MaTepuaibHBIX TOYeK B AU epeHnaibHOM 1 HHTerpaibHOM Buae. Teopema Kénura.

18. [ToTeHNMATLHOE CHJIOBOE TIOJIe. YCIIOBHE TOTCHIMAIBHOCTH. OJIEMEHTapHas padora
noTeHManbHOM cuibl. Haxoxnenune norenuuana cuiel (§14.7). [Ipumepsl mOTeHIHATBHBIX
CWJI: TpaBUTALIMOHHAsA, CWJIA TSXKECTU, KYJIOHOBCKas, ynpyras. lIpumepsl mOTeHIMAIbHBIX
TTOJIEH.

19. ®usnueckuit cMpicn ToTeHnWana. [loTeHIWanbHas JHEPrusi TOYKM B TOYKE OIS
KoncepBatuBHas cucrema Touek. MexaHudeckasi HEPTUsl MaTepHalIbHON TOUKH M CHUCTEMBI
TOYEK.

20. 3aKoH COXpaHEHHsT MEXaHNYECKOW YHEPTHU TOYKU M CUCTEMBI TOUYEK.
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21. JIuddepeHnmanbabie YpaBHEHUsS] OTHOCUTEIBHOTO ABMXKEHUs ToUkU (B cucteme K'). Cuiibl
uHepuuu: (MepEeHOCHAas CHUJIa WHEPIUU U KOPUOJIMCOBA cujia WHepiuu). VHepIualibHOCTh
cucteMbl K’ (K" aBrkeTCs paBHOMEPHO U MIPSMOJIMHEHHO OTHOCUTENBbHO K 1 He Bparmaercs).

PeliTUHT-KOHTPOJIb 3. OCHOBBI AHAJTUTHYECKOH MeXaHUKH (MexaHuku Jlarpan:xa)

1. Pemenue OCHOBHOWM 3aJauyu MEXaHUKU [UIs HECBOOOJHOH cucTembl Touek. OCHOBHbIE
MOHSITHS: CBSI3M, WX KJIACCU(UKAIMS, UX MAaTeMaTHYeCKOe 3a/laHue, MEePEeMEIICHUS TOYCK.
Bapuanumn koopaunar. Yuciao creneHei cBOOOMbI cucTeMbl. CHIIBI PEAKIUU  CBS3CH.
[TocTynat uaeaibHbIX CBS3CH.

2. Ipunmun Jlarpanxka (OIpUHUOMI BUPTYaldbHBIX NepeMelieHuil (BbiBOA Mo KHUTe «OCHOBBI

KJIACCUYECKON MEXaHUKM)).

[Tpunnun Janam6epa (cubl unepiuu JlamamGepa), BRIBO/I.

[Tpunun /lanambepa-Jlarpanxa, BeiBoA. [IpuHIMIT 0CBOOOKIAEMOCTH CBA3CH.

5. OO000meHHbIE KOOPAMHATHI, OOOOIIEHHBIE CKOPOCTH, OO0OOIIEHHBIE CHJIBI (BBIBOJ IO
«OCHOBBI KJIACCHUECKOM MEXaHUKU).

6. VYpaBuenus Jlarpamka uyepe3 KMHETUYECKYIO HHEPTHUIO0 CHCTEMbI TOYEK (BBIBOJ MO KHUTE
«OCHOBBI KJIACCUYECKON MEXaHUKUY).

7. VYpauenus Jlarpamxka uyepes ¢ynkuuto Jlarpamxka. Copnepskanue ¢ynkuuu Jlarpamka
(BeIBOJI 110 KHUTE «OCHOBBI KJIACCUYECKON MEXAHUKH).

8. MWurerpupoBanue ypaBHeHui Jlarpamxa. OOoOuieHHble HUMMOYIbCHL. [luKaHueckue
KOOPJIMHATHI U [IUKINYECKUE WHTErPAJIBI.

9. OO6oOmennas sHeprusi. Muterpan suHepruu. DyHkius [amMuibToHa A7 CTallMOHAPHBIX
CBsI3ei. 3aKOH COXPAHEHUSI MEXaHUYECKON SHEPTUU CUCTEMBI.

10. YpaBuenus ['amunprona (B 0000IIEHHBIX KOOpIMHATaX M OOOOIEHHBIX UMITYJbCaX) — 0e3
BbIBOJIa. OO MHTErpupOBaHUU ypaBHEHUH [ 'aMUIbTOHA (IUKIMYECKUE UHTETPAIIBI U HHTETPaT
SHEPTHH).

11. CocraButh Qynkiuto Jlarpamxka n ¢ynkuuto ['amuibToHa, a Takke ypaBHeHus Jlarpamka
JUISL CIIEIYIOLIUX CUCTEM MaTePUATIbHBIX TOYEK:

JUTSL DJIEKTPOHA, ABUKYIIETOCS BOKPYT SApa B aTOME;

JUTSE MATEeMaTHYeCKOT0 MasiTHUKA U 7Sl GU3UYECKOTO MasATHHKA.

12. IlpuHIMI HaUMEeHbIIero AecTBUs (MpuHIMN [ amMunbToHA-OCTPOTpacKOro).

6 cemecrp
Bonpoch! Kk peHTHHT-KOHTPOJII0 1

VYpaaenust Makcpernia u ux gusundeckoe odocHoBanue. Cuna Jlopenia.

3aKOH COXpaHEHUs] PHEPrUU B MHUKPOCKOMUYECKOHN dJeKTpojuHamuke. [MOTHOCTH sHEprum

3JIEKTPOMArHUTHOTO 110J1s. Bekrop IloitHTHHTA.

[Totenumansl 3nexkTpoMarHuTHoro nois. KannOpoBouHas MHBapHaHTHOCTh. BbIBOA ypaBHEHMI

JUIS TOTEHIIMAJIOB Mpu KanuOposke JlopeHia.

VYpaBHeHUsI ISl TIOTEHIIMAJIOB CTATHUYECKHX OHIIEKTPHUUYECKOTO W MArHUTHOTO TOJEH H UX

peuieHusl.

Paznoxxenne mnoTeHIMana SJIEKTPOCTATHYECKOTO TMOJS IO MYJIBTHUIIONSIM (0 KBaApYIOJs

BKJTFOUUTENBHO).

DJIEKTPUYECKUN NUMNOJIbHBIA MOMEHT. [loTeHIMan W HanmpsKEHHOCTh MOJS JJIEKTPUYECKOrO

JTUTIOJISI B CTAaTHKE. DHEPTHsl IUIOJIS BO BHEUIHEM TOJIE.

DHeprusi U cujia 3JIEKTPOCTATHYECKOTO B3aMMOJICUCTBHS JBYX YAAJEHHBIX CHCTEM 3apsioB.

MOMEHT CHUIIBL.

MarHuTHBII MOMEHT TOKOB. BEKTOpHBII MOTEHIIMA U TTOJIE MATHUTHOTO TUIIOJIA.

VYpaBHeHUs 17151 TOTEHIIMAJIOB U UX PEILLIEHUE B BUJIE 3aMa3/bIBAIOLIUX TOTEHIIUAJIOB.

[Torenmmans! JInenapa-Buxepra.

Ou3ndecKue yCIoBUs MPUMEHUMOCTH MYJIBTUIIONBHOTO PA3JIOKEHUS B 3a/1a4e 00 HU3TyICHHH.

DNEeKTpUYECKOe MUIOIbHOE u3NydeHue. [lomHas MHTEHCHMBHOCTH, YTIJIIOBOE pacIpeseieHHe,

MOJISIpU3AIHSL.

How
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MarautHoe aunonbHOe u3NydeHue. IlomHas WHTEHCHBHOCTH, YIJIOBOE paclpejesieHue,
MOJISIpU3aIHSL.

DNeKTpUYecKoe  KBAJIpYIOJbHOE  HU3NydyeHHe. YTIJOBOE  pachnpeiesieHne U IOoJHas
WHTEHCUBHOCTb.

Cuna pagualiMOHHOTO TPeHHUs (B HEPEISATUBUCTCKOM MPUOINKECHHH).

Bonpochl K peiiTUHHT-KOHTPOJIIO 2
ITpeoOpa3oBanus JlopeHua 1yist KoopauHaT - BpemeHu. HTepBail.
PenstuBuctckas kunematuka. [IpeoOpa3zoBaHue npoMexxyTka BpeMEHHU U IJIMHBI OTPE3Ka.
PensituBucTCKUI 3aK0H clioskeHus ckopocteil. [IpeoOpa3oBanwme yrios.
[IpoctpancTBo MuHKOBCKOTO. ITprMeEpBI TEH30POB pa3IMUHBIX PAHIOB.
3akoH npeoOpazoBaHus IUIOTHOCTEH 3apsiia M TOKa U €ro 000CHOBaHUE.
KoBapuantHass 3anuce ycinoBus JlopeHna u  ypaBHEHUMM I TMOTEHUHUAIOB. 3aKOHBI
peoOpa3oBaHusl NOTEHLUAIOB.
Tenzop snexkrpomaruutHoro nojs. KoBapuantHas 3anuch ypaBHeHUN MakcBeruia 1iis MoJjed B
BaKyyMe.
3akonbl mpeoOpa3zoBanus BeKTopoB 1o E u H. MiHBapuaHThI 371€KTPOMarHuTHOTO MOJIS.
WuBapuanTHOCTH (ha3bl. 3aKOHBI TPe0Opa30BaHUS YACTOTHI M BOJIHOBOT'O BEKTOPA.
ActpoHomuueckas abeppanus u dpdexr Jommiepa.
[TpuHIMI cTAalIMOHAPHOTO AEMCTBUS B 3J€KTpoguHaMuKe. OCHOBHBIE [TOCTYJIATHI.
BbiBOg ypaBHEHUN [BUKEHHUSI PEIATUBUCTCKOM 3apsKEHHOM YacTULbl BO  BHEIIHEM
AJIEKTPOMAarHUTHOM I10JI€ B YETHIPEXMEPHOM BUJIE.
JlarpankuaHn 11 3apsOKEHHOM YacTHIbl BO BHEIIHEM 3JIEKTPOMArHUTHOM IIOJIE€. Y paBHEHUS
JlarpanxaBroporo poaa. UHTerpanbl 1BUKEHUS.
CBsi3b MEXIY 2HEpruei, UMIYJIbCOM, MAacCOM M CKOPOCTBIO PEISATUBUCTCKOM YaCTULBI. 3aKOH
peoOpa3oBaHus SHEPTUHU U UMITYJIbCA YAaCTHUL.

Bonpochl Kk peiiTHHT-KOHTPOTIO 3
YcpenHenne MHKPOCKONMMYECKMX  ypaBHEHHWM MakcBeiia. BekTopbl mossipu3auuv U
HaMarHU4eHUs CpeJibl, X CBSI3b C IJIOTHOCTBHIO CBSI3AHHBIX 3apSA0B U TOKOB.
MarepuanbHble ypaBHEHUS U1 TIOJIEH B ITOKOSIIEMCS BEILIECTBE.
VYpaBHeHHs IS TOTEHLMAJIOB B OJHOPOJHOM TMOKoseMcs BemiecTBe. KamuOpoBouHas
MHBapHaHTHOCTb. PellieHne B BH/ie 3ara3/ibIBaloOINX TOTEHIIUAJIOB.
I'pannyHbIE yCIIOBHS JIsI TIOJIEHW B ITOKOSIIENCA KyCOYHO-OJHOPOIHOM Cpele.
3aKOH COXpaHEHMsI SHEPTUU B AJIEKTPOIMHAMUKE MOKOSIIUXCS CPes.
[TocranoBka 3amaun (OCHOBHBIE YpaBHEHHS W TpaHUYHBIE YCIOBHUS) MM DIEKTPOCTATUKU
KYCOYHO-OJTHOPOJHOM CPEBI.
CuIibl B BJIEKTPOCTATUKE TUAJIEKTPUKOB.
DHeprus cucTeMbl IPOBOAHUKOB. CHIIBI B 3JIEKTPOCTATHKE MPOBOIHUKOB.
[ToctanoBKka 3aaun (YpaBHEHUSI M TPAHUYHBIE YCIOBHS) JJIsi CTAIMOHAPHBIX TOKOB B KYCOUYHO-
OJIHOPOJHBIX TPOBOJHUKAX.
[ToTeHuman 1 MarHUTHOE MOJI€ CTAlMOHAPHBIX TOKOB.
OHeprus MAarHUTHOTO TIOJSI CTAallMOHApHBIX TOKOB. MarHuTHbli 1oTOK. KoadduunenTs
CaMOMHAYKIUU U B3aUMHOW MHIYKLIUH.
KBazucranuonapsaoe npudnmxenue. OCHOBHbIE ypaBHEHUS. [ paHUIIBI IPUMEHUMOCTH.
[IpoHUKHOBEHHE MEPUOIUYECKH MEHSIOIIUXCS TMOJe B MPOBOAHHWK (B KBAa3WUCTAI[MOHAPHOM
npuOmkeHnn ). CKUH-3QexT.
OO6o6menHbIii 3akoH Oma a7 JTHHEWHON IemM C WMHIYKTUBHOCTSAMU U EMKOCTSIMU B
KBa3UCTAIlMIOHAPHOM IPUOIMIKEHUH.
YpaBHEHHS] MAaKPOCKONTUYECKOM 2JIEKTPOAMHAMUKHI B KOBAPUAHTHOM BUJIE.
MarepuanbHbie YpaBHEHUS TSI IBYDKYIIUXCS TUIJIEKTPUKOB.
3aKkoH mpeoOpa3oBaHUs BEKTOPOB MOJIIPU3ALMK U HAMarHUYEHUS B IBUKYIIICHCS cperie.
OcHOBHBIE YPaBHEHHS] MATHUTHOW THAPOAMHAMUKH UJI€ATLHO MPOBOISIICH KUIKOCTH.
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19. "BmopaxuBanue" MarHuTHOTO TIOJIS B IBIDKYIIHICS UACATbHBINA TPOBOJIHUK.
20. ducrniepcusi UANIEKTPUUECKOW TPOHMLAEMOCTH Ui Pa3peKEHHBIX Ta30B U3 HEUTpalbHBIX
aTOMOB MJIM MOJIEKYJI.
21. JTucniepcus TUAIEKTPUYECKON IPOHUIIAEMOCTH JIJISl HOHU3HPOBAHHBIX Ta30B.
22. ®U3MYECKU CMBICTT MHUMOH 4acTH KOMIUICKCHOM JTMAJIEKTPUYECKON TPOHUIIAEMOCTH.
23. ®opmynsl Kpamepca-Kponwura.
24. ®a3oBas U rpyIIoBas CKOPOCTH CBETa B AUCIIEPTUPYIONICH cpee.
25. PacnipocTpaHeHHe 3IEKTPOMArHUTHBIX BOJIH B TIPOBOJSIIEH cpeie.
7 cemecTp
Bonpocs! k pedTHHT-KOHTPOJI10 Nel
1. B HEKOTOpBIi MOMEHT BPEMEHH HOPMHPOBAHHAs BOJHOBas (DYHKIIUS CHUCTEMbI MMEET BHU]I

Y(x)= %(DA_I(X) + §¢A_3(X) ,Te ¢, (X) 1 @,4(X) - HopmMEpOBaHHBIE COOCTBEHHBIC ()YHKIMH

A

oreparopa (U3NYECKONl BETUYMHBI A, oTBedarome coOCTBeHHBbIM 3HaueHMsM A=1 u A=3,
COOTBeTCTBeHHO. CpeiHee 3HaUCHHE BENUUMHB (PU3UICCKOI BEHMUNHB A B 5TOT MOMEHT PaBHO

a. 7/3 0. 2 B. 5/3 r. 4/3

2. KBaHTOBas crucTeMa OIMCHIBACTCS HOPMHUPOBAHHON BOJMHOBOW (yHkmmenr W(X,t). dusudeckoit

BenMuuHe A OTBeyaeT KBaHTOBO-MexaHuueckuii onepatop A. Ilo kakoii popmyse — a., 6., B. MIIH T.
—MOKHO BBIYHCIUTh CpEAHEE 3HAYCHHE pPE3yNbTaTOB MHOTMX H3MEPEHHMH BeIMYMHBI A Haj
aHcaMOJIEM TOX/IECTBEHHBIX KBAHTOBBIX CUCTEM?

a. [y (6 t) Ay (x,t)dx 6. [Ap(xt)F dx B [ (xt)[ Adx r. Afly(xt)[dx

3. ®usnueckas BenuurMHa A WMEET B COCTOSHHH C BONHOBOH ¢yHkimeid W(x,t) ompeneneHHoe

3HAYEHUE, €CIU
a. W He 3aBHCHT OT BpEMEHHU

A

(@)

. W(X,t) coBmagaer c 0HOM U3 COOCTBEHHBIX (PYHKUUH onepaTopa STOH PU3NIECKON BETHIUHB A

. W(x,t) sBasercst coOCTBEeHHOH (yHKITHEH oneparopa ['aMUIbTOHA CUCTEMBI

,
B

r. ¥ He 3aBUCUT OT KOOpAUHAT

4. CoOcTBEHHbIC 3HAYCHMS U OTBEYAIOLME UM HOPMHUPOBAHHBIE COOCTBEHHBIE (DYHKIIMHU OIeparopa
HEKoTOpoil (usnueckoit BemuuuHbl A paBHbl: a =1 u f (x) =Bsin(x/a) (mepBoe coOCTBEHHOE

3HaYeHHE W OTBevarolas eMy coOcTBeHHas (yHkums), a, =2 u f,(x)=Bsin(2x/a), &, =3 #u
f,(x)=Bsin(3x/a), .... (tne @ u B - HekoTOpble 4YHMCiA, OJMHAKOBBIE IS BCEX (YHKIIHIA).

BosHoBas (yHKIUS YacTHIIBI B HEKOTOPBI MOMEHT BpeMeHH paBHa V(X)) =Csin(2x/a)cos(5x/a).

Kaxkue 3HaueHust BeTMUUHBI A MOXHO OOHApYXUTh IPU U3MEPEHUSAX B ’TOT MOMEHT BpeMeHU?
a.lu2 0. 11060€ 1eNI0e MOJT0KUTENEHOE YUCIIO B.2uS r.3u7
5. CoOcTBeHHBIC 3HAUYECHHS M OTBEUAIOIIME UM HOPMHUPOBAHHBIE COOCTBEHHBIE (DYHKIIMH OIepaTopa
HEKOTOpoil (usnyeckor BemuuuHbl A paBHel: a =1 m f (x) =Bsin(x/a) (mepBoe coOCTBEHHOE

3HAauCHWE M OTBevarolas eMmy cobcTBeHHas (yHkuus), a, =2 u f,(x)=Bsin(2x/a), 8;=3 un
f,(x)=Bsin(3x/a),.... (tne @ u B - HekoTOpbIE 4YHWCIIA, OJMHAKOBBIE IS BCEX (DYHKIHA).

BoHOBast GyHKITHS 4aCTHIIBI B HEKOTOPBIA MOMEHT BpeMeHH paBHa W(X) =Csin(2x/a)cos(5x/a).

UeMy paBHO cpeHEe 3HAaUEHUE BEIMYMHBI A B 3TOT MOMEHT BPEMEHH?
a.5 0.6 B. 7 r. 8
Bonpocsl K peMTHHI-KOHTPOJII0 No2
1. Kakoil ¢opmynoit ompenenstorcss COOCTBEHHblE (DYHKIMH T'aMHJIbTOHHAHA TapMOHHYECKOTO

OCIUJLIATOpa Maccoii M u yactotoit @ (X =~/ M® - Ge3pasmMepHas KOOPIMHATA OCHUILIATOPA)?
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a. P,(x) exp(—x2 / 2) (P, - nomuuoMBI JIexanapa) 0. L,(x) exp(—x2 / 2) (L, - monmHOMBI
Jlareppa) B. Pn‘m‘ (x) exp(—x2 / 2) ( Pn‘m‘ - TIPUCOCIUHCHHBIC  OJHMHOMBI
Jlexxanipa) r. H,(x) exp(—x2 /2) (H,, - momusOMBI DpMuTa), (N=0,1,2,3,...).

2. Kakoil (opmysoii ONpenensrorcs COOCTBEHHbIE (YHKIMM TaMUJIbTOHMAHA TapMOHHYECKOIO
OCITMIITIATOpA Maccoit M 1 yacToToit @ (X =71/ Mw - Ge3pa3mMepHas KOOPAMHATA OCIMILIATOPA)?

a. H, (%) exp(—lez) 6. H,(x) exp(—x4/2) B. H,(X)exp(—x/2)

r. H, (x) exp(—xz) (H,, - momuHOMBI DpMuTa, N=0,1,2,3,...).

3. BonHoBasi pyHKIMS TapMOHUYECKOTO OCHIIUIATOPAa B HEKOTOPHII MOMEHT BPEMEHU MMEET BH[

(A+2x)exp(-x2/2) (x=+h/mo - GespasmepHas koopauHATa OCLMLIATOpa). Kakue 3HauCHHS

SHEPruH OCLMIIIATOPA MOTYT ObITh OOHAPYKEHbI IPU U3MEPEHUSIX ?

a. hol2u 3hwl2 0. 3hwl/2 u Shw /2 B. TouibKO 3fiw/2 1. TonbKO hw/?2

4. BonHoBas (pyHKIUS TFapMOHHUYECKOIO OCLMJUIATOPAa B HEKOTOPBIH MOMEHT BPEMEHHM SBIISIETCS
4eTHOW (yHKIMEW KOOpAMHATH. MOXHO JHM TNPH HM3MEPEHHUAX SHEPrHH OCHUJUIATOpPA B ITOM
COCTOSIHMH OOHApYKUTh 3HaueHue 3hw/2?

a. 1a 0. HeT B. 3aBUCHT OT CII0CO0a U3MEPEHUs I. 3aBUCHT OT BOJIHOBOH
byHKIIUN

5. Tlpu u3MepeHnn SHEPTUU OCHUILIATOPA ObLITH OOHAPYKEHBI IBa 3HAUCHUS @ /2 ¢ BEPOSATHOCTHIO
Yau 3wl 2 ¢ BeposTHOCTBIO Y4, CpeiHsst SHEPTHs OCIMJUIATOPA B 9TOM COCTOSIHUHM paBHa

a. E=5hw/26. E=5hw/48. E=5hw/3r. E=5hw!6

Bonpocel K peMTHHI-KOHTPOJII0 Ne3
1. Ey,IleT JIX TaMUJIbTOHHUAH YaCTHUIIbI, I[BI/DKYIIIGI;'ICH B HCHTpPAJIbHOM I10JI€, KOMMYTHUPOBATH C
OTIepaTOpPOM IMPOCKIIMH MOMEHTA Ha 0Ch X ?
a.7ma 0. HEeT B.3aBHUCHUT OT IOJII  T. 3aBUCUT OT COCTOSIHHSI, B KOTOPOM HaXOJUTCS YaCTHIIA
2. UTO MOXHO CKa3aTh O 3aBHCHUMOCTH BOJHOBOH (DYHKIIMH CTAIIMOHAPHBIX COCTOSTHUN YaCTHIIBI OT
HOJISIPHOTO ¢ U a3UMYTAIBLHOTO ¢ YIJIOB B HEKOTOPOM LEHTPATbHO-CUMMETPUYHOM TOJIE.

a. HE 3aBUCHT OT yIIoB ¢ U @
0. 3aBUCHMOCTb OT yIJIOB ¢ M ¢ BCErAa CBOAMUTCS K HEKOTOPOH chepudeckoid GyHKIHH
B. 9TH (QYHKIIMU MOKHO BBIOpATh TakK, YTO UX 3aBUCUMOCTH OT YTJIOB ¢ U ¢ CBOJUTCSA K HEKOTOPOH

cepuyeckoil pyHKIUU
I'. 570 3aBHCHT OT BHJA NOJA

3. UTo MOXHO CKa3aTh 00 MHTErpaje J XNy, (r)dr, roe y,(r) u y,(r) - paquanbHblEe BOJHOBbIE
0

¢ynkumu (y(r) =rR(r)) craioHapHBIX COCTOSHUH JUCKPETHOTO CIIEKTPa

a. OH PaBeH HYIO, €ClIM 3T (YHKIUM OTBEYAIOT Pa3HbIM paJUaJIbHBIM KBAaHTOBBIM YHCIAM U
pa3HbIM MOMEHTaM

0. OH paBeH HYJIO, €ClIM 3TU (PYHKIUU OTBEYAIOT PA3HbIM PATUAIBbHBIM KBAHTOBBIM YHCIaM, HO
OJINHaKOBOMY MOMEHTY

B. OH PaBeH HYJIO, €CJIM 3TU (PYHKLHU OTBEYAIOT OJMHAKOBBIM paJHabHBIM KBAHTOBBIM UHCIIaM, HO
pa3HbIM MOMEHTaM

I. OH PaBEeH HYIIO, €CIM 3TU (PYHKUIMU OTBEUYAIOT OJMHAKOBBIM PaJUaJIbHBIM KBAaHTOBBIM YHCIIaM U
OJINHAKOBBIM MOMEHTaM

4. Yto Takoe BBIPOXKJCHHE YpPOBHEH 3HEPTUM YacTULBl B IEHTPAIbHO-CUMMETPUYHOM IIOJIE TIO
IIPOEKIIMA MOMEHTA?

a. COBIAJICHHE MPOEKIINI MOMEHTA Y COCTOSIHUM C pa3HbIMU SHEPTUSIMU

0. coBMajieHNE MPOEKIMNA Yy COCTOSHUHN C pa3HBIMH MOMEHTaMH

B. COBIIaJIECHUE MOMEHTOB Y COCTOSIHHI C pa3HbIMU MTPOEKIMSIMH
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T. COBMAJCHHUE YHEPTUI Y COCTOSIHUI C pa3HBIMH MTPOEKIMSIMH MOMEHTA
5. UTo Takoe «ciny4ailHOe» BBIPOXKACHHUE YPOBHEN 3HEPTUU B LIEHTPAIbHO-CUMMETPUYHOM I10J1€?
a. CoBnasieHue >HEpPruil y YacTHII, JBUKYIINXCS B Pa3HBIX MOTEHIHAIaX
0. COBIAJICHUE SHEPTHI Y COCTOSHHM C pa3HBIMU MOMEHTAMHU
B. ClIy4aiflHO€ CTOJIKHOBEHHE YaCTHUIl, UMEIOIIUX OJJUHAKOBBIC YHEPTUU
T. COBMA/ICHME MOMEHTOB Y COCTOSIHUM C Pa3HBIMU SHEPTUSIMHU
8 cemecTp
Bonpocs! k peHTHHT-KOHTPOJII0 1
1. Bo3moxxHO 1 camormepecedueHrne (Ha3oBOil TPAGKTOPUU KOHCEPBATUBHON MEXaHHYECKOM
CUCTEMBI?
2. Haiitn ¢a3oByr0 TpaeKkTopuio a) CBOOOAHOW MaTepUaibHOW YacTHUIIbI; O) YaCTHIIHI,
cBOOOIHO majaromeld ¢ BeICOTHl h. Kak M3MEHHTCS TpaeKTopus MpH ydeTe COMPOTHBICHUS
JBUKEHUIO CO CTOPOHBI Cpefbl (a)? mpu ydeTe HEYNPYrocTH COYAApEHUs YaCTUIBI C
MOBEpXHOCTHIO 3emutn (0)?
3. KadecTBeHHO M300pa3uTh JBIKEHHE MEPBOHAYAIBHO KPYrioil (a3oBOM Karum Asis
OJTHOMEPHOTO CBOOOJHOTO JIBUKCHHUSI MAaTEPHAIHHON YaCTHIIBI.
4. Kak BBITIIAIUT CIEKTP CHUCTEMBI MSATH HEB3aUMOJICHCTBYIOIIUX CIHHOB S = 1/2? Tpex
OCIIWJUIATOPOB C 33JJaHHON YacCTOTON ® ?
5. YTo Takoe CTaTUCTUYECKUI BEC MAKPOCKOMMYECKOTO COCTOSTHUS?
6. [IpuBecTy mpuMephl HEMOJIHOTO TEPMOIMHAMUYECKOIO PAaBHOBECHS.
7. Yto Takoe L - nmpocTpancTBo? I'-ipocTpaHCcTBO?
8. MOXHO 11 TMaroHajIu30BaTh MaTPUILY INIOTHOCTU CUCTEMbI B HEPAaBHOBECHOM COCTOSIHUU?
9. KakoBa pa3MepHOCTh MaTPUIIbI IJIOTHOCTH CUCTEMBI IISITH CIIMHOB S = 1/27?
10. B yem 3axirogaeTcst mapaiokcaibHOCTh IUKIIOB [lyankape?
11. Kak monumats oOpaTtumocTh ypaBHeHUs JlnyBwinsa? B uem 3akiiouaercs
1apagoKCaJIbHOCTh 00paTUMOCTH?
12. Kakue cucteMbl Ha3bIBatOTCA 3PTOJUYECKUMU?
13. IIpomstocTpupOBaTh 3aKOH BO3pACTaHUsI SHTPOIIMU Ha IPUMEPE KOHTAKTA JIBYX CIIMHOBBIX
cuctem S=1/2 ¢ HauanbHOU KoHGuUrypauuend 1111 [L11]].
14. Kakast oTpuiiatenbHas TeMIeparypa saBisieTcsi Haubosee ropsdeii?
15. Hanncats 607b1110€ KAHOHUYECKOE pacTpeielieHrne U OONbIIYIOCTATCYMMY C
UCIIOJIb30BaHUEM 0003HAUEHUs A 11 a0COIIOTHON aKTUBHOCTH.
16. Kak BIrIsimUT OONbIIoe KaHOHUYECKOE pachpelieieHue A JABYXKOMIIOHEHTHOM
CUCTEMBI?
17. Uemy paBno 3Hauyenue f(€) Ha ypoBe @epmu?
18. IlycTh MMEIOTCS TPH JIBYKPATHO BBIPOXKJICHHBIX YPOBHS 3HEpruu. CKOJBKO CYIIECTBYET
Croco00B pa3MeNIeHUs Ha HUX TPEX dJEKTPOHOB?
19. Tlouemy Masbl BEpOSTHOCTH OOJBITUX (PIIYKTyaIui?
20. B ueM 3akir0yaeTcsi aHOMaJIbHBIA XapaKTep CIIMHOBOW CUCTEMBbI?
21. Yemy paBHO 3HAUEHHE HHTPONMHU Ha OAWH crMH S=1 B mpenene OSCKOHEYHO OOJIBIINX
Temneparyp?
22. IlepeunciuTe CBOMCTBA XMMITOTEHIIMAA.
23. B 4eM COCTOUT MPUHITUT SKBUBAJICHTHOCTH PAaBHOBECHBIX aHCaMOIei?
24. Kakue BeI4rHbI He (QIYKTYUPYIOT B MUKPOKaHOHUYECKOM aHcaMOsie?
Bonpocsl K peiiTHHI-KOHTPOJIIO 2
1. I[TpuBenuTe mpuMepsl 0OpaTUMBIX U HEOOPATUMBIX MTPOLIECCOB.
2. Ilouemy npu KBa3UCTATHUECKOM M3MEHEHUU BHEIIHUX NApaMETPOB HE MEHSIETCS SHTPOMUS
CUCTEMBI?
3. Hanuminre oCHOBHOE ypaBHEHUE TEPMOJIMHAMUKY IS KBa3UCTATUUYECKUX MIPOLIECCOB.
4. IlpuBeauTe MPUMEPHI BEIMYNH, HE SBISIOMINXCS (PYHKITUSIMUA COCTOSTHUSI CUCTEMBI.
5. Kakue cucreMbl Ha3bIBalOT TepMOCTaTaMu?
6. Chopmymnupyiite Teopembl KapHo.
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7. Uto Takoe HyJNEeBOM 3aKOH TEPMOJUHAMUKH ?
8. [IpuBenuTe paznuyHbie GOPMYTUPOBKU IEPBOTO 3aKOHA TEPMOAMHAMUKH.
9. IlpuBenure paznuyHbie GOPMYIUPOBKH BTOPOTO 3aKOHA TEPMOJTUHAMUKHY.
10.Chopmynupyiite TpeTHii 3aKOH TEPMOITHAMHKH.
11.Kakue TepMouHaMU4EeCKUe MOTEHIIAAJIBI BBl 3HaeTE?
12.Haiigure cBs3b MKy BHYTPEHHEH SHEprHel CHCTEMBI M €€ OOJIBIIMM MOTEHIIHATIOM.
13.Kakue napameTpsl Ha3bIBAIOTCS IKCTEHCUBHBIMU U HMHTEHCHUBHBIMU?
14.0606mute cootHomenne G = pN Ha JByXKOMIIOHEHTHYIO CHCTEMY.
15.Kak cBs3aHbl cBOOOMHAsI SHEPrus M crarcymMma? OOJBIIOW IMOTEHIMAT U OOJIbIIas
cratcymma?
Bonpochl kK peliTHHI-KOHTPOJTIO 3
1.ITpuBenuTe mpuMepbl COOTHOIIEHNH MakcBesa, ucxoas u3 Beipaxxkenus do(E,V,N).
2.ChopmynupyiTe MPUHIIUIT MAKCUMAJIBLHON paOOTHI.
3.IlpuBeaure camplii OOmMK BHUI TU(GEPEHINATHLHOIO YpaBHEHHSI 00paTUMOro
aanabaTU4ecKoro mpoiecca.
4.Ilepenummre B Buje sikobnana Beipaxenue (OE/0t)V,N.
5. YKaxuTe ycloBUsl paBHOBECHUS ABYX (a3 AJisd JBYXKOMIIOHEHTHON CHCTEMBI.
6. KakoB mpumepHbi BUJ H300ap B IUIOCKOCTH V - T IS CHUCTEM, M30TEPMBbI KOTOPHI
n300pakeHsl Ha puc. 6.1 ?
7. Yo Takoe TpoiiHas Touka? Ga3zoBble AMATPAMMBbI?
8. M300pa3ute n3orepmsl raza Ban-nep-Baanbca B mockoctu p - V.
9. Kak BO3HHMKAIOT 3apO/IbIIA HOBOH (a3bl P (a30BBIX MPEBPAIICHHSIX ?
10. YUTo Takoe MOJIEKYISPHOE TI0JIE B MATHUTHBIX BEIIeCTBAX?
11. IlpuBenuTe npumepsl NapaMeTpOB NOpsAAKa IpU (Ha30BbIX IEPEX01aX BTOPOrO poja.
12. Hanummure ycnoBrue XUMUYECKOTO PAaBHOBECHSI JIJIsl pEAaKIIUK TOPEHHSI BOOPO/IaA.

9 cemectp
Bonpockl K peiiTHHT-KOHTPOJII0 Nel

1. VYkaxuTe, B KAKUX pelIeTKax JABa yria sBJISIFOTCS NPSIMbIMH, a TPETUM OoTau4deH oT 90 %

a) TeKCaroHaJlbHOM M MOHOKJIMHHOI; B) TPUTOHAILHOU U POMOHYECKON;

0) poMOMUECKON U MOHOKJIMHHOM’; I') TEeTparoHaJbHOW U POMOMUYECKOI.
2. Ecnu xakas-nmu60 miIocKoCcTh He MepecekaeT och X, To ee nHaekc Muiepa 1o 3Toi ocu
paBeH:

a) HYIIO; B) EIAVHMIIC;

0) 6eCKOHEYHOCTH; I') HE YKa3bIBaeTCH.
3. Ecnu BemecTBO MOKET CYIIECTBOBATH B Pa3HBIX KPUCTAINYECKUX MOIU(DUKAIMIX, TO TIPU
ATOM:

a) MEHSETCS MIIOTHOCTh YIAaKOBKH U B) MEHAETCS KOOPAWHALMOHHOE YNCIIO;

KOOPJMHAIIMOHHOE YHCJIO; I') HUYEro HE MEHsEeTCsl.

0) MeHsIeTCs TIIOTHOCTh YIAaKOBKH;
4. Haubonee cnaboii sBisieTcs:

a) MOHHAS CBS3b; B) MOJIEKYJISIPHASI CBSI3b;

0) KOBaJI€HTHAs CBSI3b; I') MeTaJJIN4ecKasi CBS3b.
5. DHeprust ONTUYECKON BETBU KOJIeOaHUI aTOMOB B PEIIETKE, COCTOALICH U3 aTOMOB JIBYX
COpTOB:

a) Bcerja OoJblIe SHEPTHH aKyCTUYECKUX KOJIeOaHuil;

0) Bcerja MEHbIIE YHEPTUN aKYCTHIECKUX KOJICOaHMIA;

B) MOXeET ObITh Kak 0OJIbIIIe, TAK U MEHbIIIE SHEPTHU aKyCTUUYECKUX KOoJIeOaHHIi;
r) GoJbllIe UM paBHA YHEPTHH aKYCTUUYECKHX KOIeOaHUH.

6. YacToTa kojeOaHUH IEeNOYKH OJMHAKOBBIX aTOMOB 3aBUCHT OT BOJIHOBOT'O YHUCIIA!
a) JIMHEWHO; B) AKCIIOHEHIIMAJILHO;
0) CHHYCOUAAJIBHO; r) 3T0 OoJiee CI0XKHAsl 3aBUCUMOCTb.

7. [To Monenu DifHIIITEHA TETIIIOEMKOCTh BOIM3U HYJIS 3aBUCUT OT TEMIIEPATYPHI:



10.

11.

a) JTUHENHO; B) KyOHMYEeCKH;

0) SKCIIOHECHIMATHHO; I') HE 3aBUCHT.

ITo 3akony J{rononra-IITu TeroeMKocTs BOJU3U HYJIS 3aBUCUT OT TEMIIEPATYPHI:
a) JTUHEHHO; B) KyOWYeCKH;
0) SKCIOHEHIIMAIBHO; I') HE 3aBUCHT.

Monens Jlebast 115 TEMI0EMKOCTH BBEJIEHA C YUETOM CIEAYIOUIUX MPEANOI0KESHUN:
a) HENPEPBIBHOCTH CPebl U UICHTUIHOCTH MPOJIOJIBHBIX U TIOMEPEYHBIX KOJICOAHUI;
0) MUHMMaJIbHOCTH SHEPTHH CUCTEMBI;
B) CYLIECTBOBaHMs TeMIieparypsl Jledas;
') CylIeCcTBOBaHUS pacmpenenenus bompimana.
DOHOHBI:
a) ONHUCHIBAIOTCS CTAaTUCTHKON bo3e-DiiHmTeliHa,
0) SABISIOTCS KOJUIEKTUBHBIMH KOJICOAHUSIMH KPUCTALTUICCKON PEIIETKH;
B) SIBJISIFOTCS HOCUTEJISIMHU SHEPTUU;
I') ABJISAIOTCS HOCUTEISIMU 3apsijia.
Teopus dpyne-Jlopenua:
a) HEMPaBWIBHO OMKUCHIBACT 3aBUCUMOCTD 3JIEKTPOIPOBOJHOCTH OT TEMIIEPATYPHI;
0) HEeNmpaBUJILHO OMUCHIBAET 3aBUCUMOCTbH TEILJIONPOBOJHOCTH OT TEMIIEPATYPHI;
B) HEMPABWIBHO OMKCHIBACT PJECKTPOHHYIO TEINIOEMKOCTD;
I') HEMPaBWJIBHO OMHUCHIBAET 3aBUCUMOCTh 3JIEKTPOHHOM TEIJIOEMKOCTH OT TEMIIepaTyphl.
Bonpoch! K pedTHHI-KOHTPOT10 Ne2
1o 3akony Bunemana-®panna-Jlopenua:
a) OTHOIIEHHE MEXy TEIUIO- M 3JIEKTPOIPOBOTHOCTHIO MPOIMOPIIMOHAIBHO TEMIIEPATypE;
0) OTHOIIIEHHE MEXTY TEIJIO- U SIEKTPOIPOBOJHOCTHI0 0OPATHO MPOMOPLUOHATEHO
TEeMIIepaType;
B) OTHOIICHHE MEX/Y TEIJIO- U 3JIEKTPONPOBOJHOCTHIO MPOMOPIMOHAIBHO KBAAPATy
TEeMIIepaTyphl;
I') OTHOLICHHE MEXAY TEIIO- U 3JIEKTPOIPOBOIHOCTHIO OOPATHO MPOMOPIMOHAIBHO KBaApaTy
TEMIEPaTypBhl.
[ToaBMKHOCTE HOCUTENEH 3apsaaa - 3TO:
a) CKOPOCTH YMOPSAOYEHHOTO ABMKEHUS HOCUTENECH 3apsiia B MOJie eAMHUIHON
HaIpsKEHHOCTH;
0) CKOpPOCTh IBMKEHUSI HOCUTEIICH 3apsiia B MOJI€ €IUHUYHON HANPSKEHHOCTH;
B) CKOPOCTH TEIJIOBOTO JBMKEHHSI HOCUTEINEH 3apsi/ia B ToJie €IMHUYHOM HAMPSKEHHOCTH;
T') CKOPOCTH YIOPSOUYEHHOTO JIBUKEHUSI HOCUTENIEH 3apsia Mpyu €IMHUYHOM COTIPOTUBIICHHUH.
CrexTp 3JeKTpoHa B KPUCTAILIE SABIISIETCS:

a) CIUIOIIHBIM; B) 30HHBIM;

0) JUCKPETHBIM; ') MOJOCATHIM.
[IIupuHa pa3penieHHOM 30HbI B KPUCTAIIJIE C POCTOM JHEPIUH:

a) pacTer; B) HE U3MEHsETCS;

0) yMeHbIIaeTCs; I') 30Ha MCUYE3aeT.

D¢ dexTuBHAT Macca HOCUTENEH 3apsa:
a) paBHa MHEPIIMOHHOMN Macce;
0) paBHa rpaBUTAI[IOHHON Macce;
B) sIBJIsieTCS KO3(PPHUIIMEHTOM MPONOPIUOHATIBLHOCTHU MPY ONMCAHUU JABM)KEHUS HOCUTENS 3apsiia
B I10JI€ KPUCTAJUIMUECKOHN PELIETKHY;
) ABJISETCS MOCTOSHHBIM KO3(PGUIIUEHTOM TPONOPIUOHATLHOCTY IPU OMMCAHUU ABHKECHUS
HOCHTEJS 3apsi/ia B 10JIe KPUCTAIUIMUECKOM PELIETKH.

B cBepxnpoBosieM COCTOSHUN PaBHO HYJIIO:
a) CONPOTHBIIEHUE B IIPOBOJIHHUKE; B) MarHMTHOE M10JI€ BHYTPU ITPOBOJHUKA;
0) MpOBOAMMOCTE B IPOBOJIHUKE; I') BCE BBILIENEPEUUCIICHHOE.



7. [Tpu nepexoze u3 CBEPXMPOBOASIIETO COCTOSIHUS B 00BIYHOE CBOMCTBA MTPOBOIHUKA
MEHSIFOTCS MTHOBEHHO:

a) B CBEpXIIPOBOJHMKAX | poja; I') HU B OJTHOM U3 [IEPEUYUCIICHHBIX TUIIOB
0) B CBEpXIIPOBOJAHHKAX 2 pOJa; CBEPXITPOBOHHUKOB.
B) BO BCEX CBEPXIIPOBOJHUKAX;
8. [TepBrrit 3akon Ouka GopMyITUPYyETCs CASAYIOIMIHM 00pa3oM:
a) J = - D(dc/dx); B) J = - D(dc/dt);
6) J = D(dc/dx); r) J=- D(dc/dt).
9. Bropoii 3akon @uka GopMyaupyeTcs CIeaYIONIM 00pa3oM:
a) dc/dt = D(d? c/dx?); 8) dc/dt = D(dc/dx);
6) dc/dt = - D(d?c/dx®); r) dec/dt = -D(dc/dx).
10. B cootBectBuHu ¢ 3akoHOM /[lrononra u [ITu TemioeMKOCTh MPONOPIHOHATbHA:
a) 3R; r) 1R;
0) 5R; 1) 4R.
B) 2R;

Bonpocel K peMTHHI-KOHTPOJII0 Ne3
1. Ha nannoit cxeme no3uiueit 3 oTMe4eH:
a) YCUJIUTEIb;
0) pe3oHaTop;
B) MarHur;
I') TeHepaTop;
1) TETEKTOp.

2. Ha pucynke nzobpaxena:

a) F-pemerka;
0) R-pemerka;
B) C-permieTka;
r) P-pemierka;
n) l-pemerka.

3. Ha pucyHke n300pakeH pa3pe3 CTpyKTYphI alnMasa:
a) HopMasbHO K ceTkaM (110);
0) HopMmanbHO K ceTkaM (111);
B) HopMasbHO K ceTkaMm (100).

4. Ha pucynke nzo0paxena:

a) F-pemertka,;
0) P-pemietka;
B) C-pemeTka;
r) P-pemierka;
n) |-pemrerka.

5. [upuHa 3anperieHHoN 30HbI B KPUCTALIE C POCTOM SHEPIUU:

a) 30Ha MCUE3AET; B) pacTeT;

0) yMEHbIIIaeTCs; I') HE U3MEHSETCH.
6. Ha pucynke nzo0paxeH nedexr:



a) o loTku;
0) mpumecHu;
B) 110 dpenkento.

7. Koadduuuent reronpooanoctu B CU nmeer pa3MepHOCTD:
a) [Ix/(MK); B) B1/(xrK).
0) Bt/(MK);
8. B ypaBHeHuu kosneOaHusi OTHOPOJHOIN CTPYHBI YACTOTa KOJIeOaHUN 3aBUCUT OT BOJIHOBOTO
qucIa:
a) JTUHEHHO; B) 9KCIOHCHIHAIBHO;
0) CUHYCOMJIANILHO; I') HE 3aBUCHT.
9. ['MpomarHuTHOE OTHOIIEHHE AJIEKTPOHA 0KA3aJI0Ch B JIBa pa3a O0JIbIIE pACCUMTAHHOIO U3-3a:
a) OIIMOKHU B pacyerax; I') CYIIECTBOBAHUS MarHUTHOTO MOMEHTA
0) MOrpenHOCTH U3MEPEHHI; AIIEKTPOHA.
B) CYILIECTBOBAHMSI CIIMHA;
10 cemecTp
Bonpockl K peiiTUHHT-KOHTPOJII0 Nel

1. 3nas uucno ABoraapo, HAWTHU Maccy HEUTpaIbHOIO U30TOIA YIiIepoa c?,

2. TlpupoaHslii XJ0p MpEACTaBIsSET COOOKW CMECh M30TOIOB: ¢ OTHOCHTEIBHBIMU Maccamu 34,969
(75,4%) m 36,969 (24,6%). OnpeneanuTs OTHOCHTEIBbHYIO aTOMHYIO MAacCy XHMHYECKOTO
3JIEMEHTa XJIopa.

3. OrHocuTenpHas Macca XMMUYecKoro snemeHTa 6opa — 10,811. Ilpupomusiii Gop sBIseTcs
CMECBhIO H30TOINOB C OTHOCHTCIBHBIMU aToMHBIMH Maccamu 10,013 wm 11,009. Haiitu
MIPOIIEHTHOE COJIEPKaHUE ITUX U30TOIOB B IPUPOTHOM OOpE.

4. HaifTu aTOMHBIE HOMEpa M MAacCOBbI€ YHCIA, €CIU B sApax 2He4, 4Be7, 8015 HEUTPOHBI
3aMEHHTH MTPOTOHAMH, a TIPOTOHBI — HEUTPOHAMH.

5. Kakyio 1010 OT Macchl HEHTPaTbHOTO aTroma g2Ph?® cocraBmser macca ero IMEKTPOHHOU
0007109KH?

6. OILEeHUTh TIOTHOCTD SJEPHOTO BEIIECTBA.

7. 3amucath peakiuu o - pacrajga U30TOIOB: 77|r176, 87Fr211, 102Nb176.

8. 3ammcarh peakiuu 37— pacraja H30TOIOB: 11Na24, 9F7, 3oZn71.

9. 3anmcartp peakuuu B+ - pacnaza U30TOMOB: 11Nazz, 29CU59, 26Fe53.

10. 3anucartp peakiuu K- 3axBara it ©30TOIOB: 18Ar37, 24Cr51, 37Rb83.

11. Kakoif n3oTonm moiydyaeTcss B pe3ysibTaTe IETMOYKH TpeX o - pacmagoB M JBYX [ — pacmaaoB
u3oTomna g9 Th?2?

12. OnpenenuTh BEpOSTHOCTH pacliafa JaHHOTO aroMa B 00paslle paJlOaKTUBHOTO M30TOMNA |
Te4YeHue OynKaiien ceKyH bl?

13. HaiiTu mocTostHHBIE pacraga U30TOTIOB Paaus 88Ra219 H ggRa226.

14. OnpenenuTh MOCTOSIHHYIO paciiajia HeKOTOPOTO PaIiOaKTHBHOTO BEIIECTBA, €CITU U3BECTHO, UTO
3a 9ac WHTEHCHBHOCTh HCITyCKaeMoro uMm [ — m3nydeHus ymenbmrmiack Ha 10%. I[Ipomgykr
pacmnajza He paJuOaKTHBEH.

15. HaiiTu mocTosIHHYIO pacraja pajoHa, €CIM U3BECTHO, YTO YHCIO aTOMOB pajioHa YMEHBIIaeTCs
3a cyTku Ha 18,2%.

16. BerurcnuTh nepro/ moiypacnajaa u30Tona pyouans, eciu MocTosiHHas pacrnana pasHa 0,00077
¢t

17. HaiiTu 1010 pacnaIaroIuxcsi aTOMOB B 00pasiie paJMOaKTUBHOTO TOPHS Th** 3a rox.

18. Haiitn 10110 HE pacnaBIIMXCsl aTOMOB B 00pa3iie paJioakKTUBHOTO aKTHHUS Ac?® B Teuenne 10

THEH.
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3a OIMH TOJl HAaYaJIbHOE KOJMYECTBO PaJMOAKTUBHOIO HM30TONA YMEHBIIMJIOCH B 4 pasza. Bo
CKOJIBKO pa3 OHO YMEHBUIUTCS 3a 5 j1eT?
[Tepuon nomypacnazna Hekortoporo m3zortona 20 yacoB. 3a Kakoe BpeMsl paclajercs 4eTBEepThb
IIEPBOHAYAJILHOTO KOJIMYECTBA JEP JaHHOIO U30Tomna’?
3a BoceMb JHEW pacnanoch 75% NEpBOHAYAIBHOTO KOJIMYECTBA fAJI€p HEKOTOPOIrO HM30TOMNA.
Boruncnuth nepuos nostypacnaaa JaHHOIO U30TOIIA.
Onpenenuts nepro momypaciana Po?™, ecim n3BecTHO, 9TO 2 T 9TOr0 H30TOMA OGPA3YIOT B IOJ
179 cm® remust [P HOPMAJIbHBIX YCIIOBHSIX.
OnpenenuTb CperHIO MPOAOKUTENBHOCTh )KU3HU HEKOTOPOr0 M30TOMNA, €CIM M3BECTHO, UTO
ero nepuoj noiypacnazga 1 ros.
Kakasg nons HayaJbHOro KOJMYECTBA HEKOTOPOIO PaMOaKTUBHOIO H30TOIA pacmajercs 3a
BpeMsl, PaBHOE CpeHEN
HPOJOJKUTEIBHOCTH €0 KU3HU?
AKTHBHOCTh pajguoakTuBHOro npemnapara 2,71 mxKroopu. Ckonbko aToMoB pacragaercs B
oOpasrie 3a 2 CeKyHIbI?
Haiitu maccy panona, akTMBHOCTH KOTOporo paBHa 1 Kropu.
3a kakoe BpeMs, BBIPAXEHHOE B IE€pPUOJAAX IIOJypacnaja, aKTUBHOCTb pPaJMOAKTHUBHOIO
npenapara ymeHbluaercs B: 25 pas, 250 paz?
Haiitu mnepuosn mnosypacnaja paAMOaKTUBHOIO H30TONA, €CJIM €ro akTUBHOCTh 3a 24 dac
ymenbiuiack ot 3,2 Kiopu 1o 0,2 Kropu.
Ha ckoibKO IMPOLIEHTOB YMEHBIIUTCS aKTUBHOCTh MpernapaTa HpUIUs Ir*? wepes CYTKH, MecsL,
roa?
Uepes CKOJIBKO JIET aKTUBHOCTH [Ipernapara CTPOHLUS Sr% ymenbutes B 10, 100, 1000 paz?
Cuerunk ['eifrepa, ycTaHOBIIEHHBIH BOJIHM3M Ipemapara paJHoaKTHBHOTO H30TOmNa cepedpa, Mmpu
nepBoM u3MepeHun peructpuponan 5200 B-yacTtuil B MUHYTY, a 4epe3 CyTku Toibko 1300.
Onpenenutsb nepuo Noaypacnajia JaHHOTO U30TONa.
Honunzanuonnele cueTunku l'efirepa W B OTCYTCTBME PaJMOAKTUBHOIO Ipenapara HMMEIOT
omnpeneneHubid ¢oH. [IpucyrcTBre ¢poHa MOKET OBITh BHI3BAHO KOCMUYECKHM U3TYYCHUEM HIIH
pPalMOaKTUBHBIMU 3arpsi3HeHUsIMH. KakoMmy KOJIMUYeCTBY pajioHa COOTBETCTBYET ()OH, JAIOLIUMA
OJINH UMITYJIbC 32 5 CEKyH?
Bonpoch! K pedTHHI-KOHTPOTI0 No2
BBIYHCIHTB aKTHBHOCTH | Mr mipemapara docdopa P,
Onpenenuts yneabHy0 aKTUBHOCTb H30TOIIA Co®.
Bo ckoibpKO pa3 oTIMYAIOTCA YAEIbHBIE aKTUBHOCTH U30TONIOB P¥ 1 S
Kaxoe komnaectBo Ra*?® mveer TaKylo K€ aKTUBHOCTb, Kak U | Mr P2
Uemy paBHa aKTMBHOCTb paJioHa, oOpa3oBasiierocs u3 1 r paaus 3a 1 gac?
B HacTos1ee BpeMs B IPUPOAHOM ypaHe coaepxkurcs 99,28% U?8 11 0,72% U?. Kakoe
COOTHOILIEHHE ObIIO MEKIYy HUMHU B MOMEHT oOpa3oBanus 3emuin? BoszpacT 3emnu npuHATH
paBHBIM 4 MIpJ. JIET.
Kakoe xomnMyecTBO ClI0EB TMOJOBUHHOTO oOcia0neHus Tpeldyercs, uTOObl yMEHBIIUTH
MHTEHCUBHOCTh Y3KOro ITydka y-mydei B 100 pa3?
KakoBa :OJNs MOJEKYJ, CONEpXammxcsi B 1 cM® BO3AyXa NPH HOPMAIbHBIX YCIOBHAX
MOHM3UPYETCS PEHTTEHOBCKUMU JIy4aMHU TP dKCIIO3ULIMOHHOMU f03e 2 p?
Kakoe xonnyecTBO Temia BblaenseTcsl panoH, obnanaromuil aktuBHOCThIO B 1 Kiopu B cyTkw,
€CJIM KNHETUYECKasi SHEPIHsl BBUIETAIOIINX YaCTHI] cocTaBisieT 5,5 MaB?
BbraucnuTh Maccy HEWTpaJIbHOTO aToMa Tejusl, €CIM U3BECTHO, YTO Macca O — YacTHUI[bl paBHA
4,00150 y.e.
Vicxost 3 3HAHMs Macc HeHTpambHEX atomos 1H', 1H?, ¢C* 1 sexTpoHa, BEUHCIHTE Macchl
IIPOTOHA, JAEUTPOHA U sapa 6C™2.
Vicxonsi W3 3HAHWS MAcchl HEHTPATBHOTO aToMa JHTHs 3Li’, BBIMHCINTH Macchl OXHOKDATHO,
JBYKPAaTHO U TPEXKPATHO HOHU3UPOBAHHOTO JINTHS.
Haiitu nedexT macchl sipa atoMa JerTepus.



14.
15.
16.

17.

18.

19.
20.

21.
22.
23.
24,

25.
26.
27.
28.
29.
30.
31.

agrONE

16.
17.
18.
19.
20.
21.

22.

34

Haiitu nedekT Macchl ¥ SHEPTUIO CBS3H SApPA TPUTHS.
BbIUHCITHTS yeTbHyIo 9Hepruio casizu saep 7N, g0,
3Hasg JHEPrUI0 CBA3UM HM30TOIA ,He* — 7,72 MDbB, ONPEACIUTL MacCy COOTBETCTBYIOIIETO
HEHUTPaAJIbHOI'O aTOMA.
DOHeprus CBs3M s/Ipa, COCTOSIIIErO M3 TPEX MPOTOHOB U JABYX HEUTpOHOB, 26,3 M»sB. Haiitu
Maccy COOTBETCTBYIOIIET0 HEUTPAILHOTO aTOMa.
BbraucnauTh S3HEPTHUIO CBSI3U sJIpa, €CIIU U3BECTHO, YTO OHO PACIAiOCh Ha OT/AENbHbIE HYKIIOHBI C
CyMMapHOU KuHeTnueckoi sHeprueit 0,4 M»B, B pe3ynbrare NOIJOMEHUs Y — KBaHTa C JUIMHON
BOJIHEI 4,7 - 10* am.
Kakyro SHEpriio HeoOXOIMMO 3aTPATHTh, YTOOHI PA3ICIHTh Ha OTACIBHBIC HYKIOHBI Spo 4Be’?
Kakyto snepruio HeoOXoIuMo 3aTpaTUTh, YTOOBI pa3/IeIUTh Ha OTJEIbHBIC HYKIOHBI N300apHbIE
anpa 4Be’ msLi’? [ToueMy 3Tu PHEPrUM pa3IUYHbI?
Kakas sHeprus BbLaenuTCs npu o0pa3oBaHuU | T TPUTHUS U3 OTIIEIbHBIX HYKJIOHOB?
BBIYHCITHTD SHEPIHIO, HEOOXOIMMYIO JUIsl yIATCH s OJHOTO HelTpoHa u3 siapa gO™.
Kakyro HauMeHBIITYI0 SHEPTUIO HY>KHO 3aTPaTUTh, YTOOBI Pa3esiuTh (.-4aCTHUILy MTOMoIam?
Haiiti sHEpriio, HEOGXOMUMYIO ISl TOTO, YTO OBl pasenuTh sapo ¢C'2 Ha TPH OXMHAKOBBIX
YaCTH.
B 3apauax 57 — 62 Bmecto X yka3arb HE0OXOJIUMBIM M30TOI WM YACTHILY.
AP (n,0) X
o™ (p,X) gO™.
25Mn55 (X, n) 25F€55.
N (n, X) 6C™.
AP (a,p) X
X (p, ) 11Na?.
Bonpockl K peMTHHI-KOHTPOJII0 Ne3
Kaxoit uzoron ob6pasyercs u3 o0 Th?* YEeThIPEX Ol - pacrajioB U ABYX [} - pacnagoB?
Kakoii uzortomn obpazyercs u3 02U?® mocte Tpex o - pacrazios u IBYyX f3 — pacnagoB?
Kaxoit uzoron ob6pazyercs u3 02U?*® noce JBYX [3 — pacnazoB U OJTHOTO o — pacnaaa’?
Kakoii u3oromn o6pasyercs u3 sLi® mocute oxmoro B —pacnaga u ogHOrO 0. — pacnazna?
67. Kakoit n3oton obpasyercst u3 5:Sb**® mocie sersipex p — pacrnamos?
B 3agauax 6-14 HailTh 3HEpruM SACPHBIX pPEAKIIHil.
4Beg + 1H2 — 4B:LO + onl.
3Li6+ 1H2 — 2He4 + 2He4l.
3Li7+ 2He4 — 5B10 + onl.
3Li7+ 1H1 — 4B7 + onl.

. 20C3.44 + 1Hl — 19K41 + 2He4.

. H3(p,y)He4.

.H?(d,y)He".

CH%(n,y)H.

F¥(p, a) O

. OnpenenuTth SHEPTUI0 PEaKUn 4899 (n,v) 4Belo, €CJIM U3BECTHO, UTO YHEPTUS CBSI3U fAJIpa 4Be1°

cocrassier 64,98 MaB, a syxpa 4Be® — 58,16 MaB.

B peakuuu Li%(d, p) Li’Bsiemnsiercst sneprust 5,028 MoB. Haiiti maccy Li®.

Haiitu sHepruro o — pacnaaa sapa 84P0210.

Haiitu snepruto  — pacnana siipa sC!.

Haiitn sHepruro pacrana sapa «C B pe3yabpTaTe BhIOpOca MO3UTPOHA U HEUTPUHO.

OneHnTh CKOPOCTh U KNHETUYECKYIO DHEPIHIO TEIIOBOro HeWTpoHa npu temnepaTtype 300 K.
[Tpu ynpyrom HeHTpajJbHOM CTOJIKHOBEHMM HEUTPOHA C HEMOJBMKHBIM SAPOM 3aMEUISIOIIErO
BEIIeCTBA KWHETHYECKas SHeprusi HeWTpoHa ymeHblmwiach B 1,4 pasa. Haiitu maccy snep
3aMeJUISIIOIIETO BELIECTBA.

[Toka3aTb HEBO3MOXHOCTh aHHUTWIISILIMU TO3UTPOHA U JIEKTPOHA ¢ 00pa30BaHUEM OJHOTO Y —
KBaHTA.
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KakoBa HamMeHbIIasi 4acToTa M3JIY4YE€HHs, CIIOCOOHOTO BBI3BATh POXKJIEHUE Maphbl AJIEKTPOH-
MO3UTPOH?

n° — ME30H pachagaercsi Ha IBa OJUHAKOBEIX Y — KBAaHTA. B IpeHEOPEKeHHEe KMHETHYECKOl
SHEPruey Me30Ha U €ro UMITyJIbCa, HAUTU YHEPTHUIO Y — KBAHTA.

[Tokazatk, 4TO CBOOOIHBIN IEKTPOH HE MOXKET UCITYCTUTD Y — KBAHT.

[TpuBecTu puMephl peaklnii, 3aPELIEHHBIX 3aKOHAMU COXPAHEHUS 3JIEKTPUUECKOT0 3apsiia.
[TpuBecTu npuMepsl peakuuii, 3apeleHHbIX 3aKOHAMH COXpaHEHHsI 0apHOHHOTO 3aps/ia.
[TpuBecTH puMephl peaklnii, 3aPELEHHBIX 3aKOHAMH COXPAaHEHUS JIENTOHHOTO 3apsja.
YKa3aTh KBapKOBYIO CTPYKTYPY: HEHTPOHA, AHTHHEHTPOHA, IIPOTOHA, AHTUIIPOTOHA, GaproHa X°.
YKa3aTb KBapKOBYIO CTPYKTYpy Tt U K — ME30HOB.

DHeprus AeUTPOHOB, YCKOPEHHBIX CUHXPOTPOHOM, paBHa 200 M»B. Haiitu u1s 3Tux 1eHTpOHOB
CKOPOCTh, a Takke oTHoiernne M/My , Tme M — macca IBUXKymerocsi neiuTpona, My — macca
MOKOSI ICUTpOHA.

DHeprusi KEeCTKUX ME30HOB B KOCMHUYECKHX Jydax MPUOIM3UTENbHO paBHa 3 I»B. Dueprus
nokost Mme3oHa 100 M»aB. Kakoe paccrosiHue B atMocdepe 3eMiti MOKET MMPOUTH 3TOT ME30H 3a
BpEMs €T0 JKU3HU 110 JIabopaTopHbIM yacam? CoOCTBEHHOE BpEMsI )KU3HH MEe30Ha 2 MKC.

Kakyro fonst sHepruu mokos siapa U cocraBnsier BbLIEIMBIIAACS SHEPTUsl B pPe3yJbTare ero
NEeJIeHus?

Haiitu snepruu, BelienuBILytocs npu pacnaze Ir, 1 kr U?®,

Kakoe xonuuecTBO sifiep ypaHa AOJDKHO JIENUThCS B 1 CEKyHIy, YTO Obl TEIJIOBask MOIIHOCTb
SJIEpHOTO peakTopa cocTasisia 1 MBT?

K.m.za. atomHO# 3nekTpoctanuuu 25 %. HaliTu ee MOIIHOCTB, €CJIM U3BECTHO, UTO OHA B CYTKHU
pacxonyer 100 T U,

CpaBHUTH BENMYUHBI DIIEKTPOCTATUYECKUMX U TPABUTALIMOHHBIX CHJI, JEHCTBYIOIIUX MEXKIY
JIBYMsI IPOTOHAMH.

Kakue ckopocTu UMEIOT MO3UTPOH, POTOH ¢ 3Heprueit 1 M>B?

5.2. HpOMC)KyTO'-IHaH aTTeCTanusa 1Mo uMToraM 0CBOCHMA JUCHHUIIJIMHbI

5 cemecT

Bonpocsl k 3k3ameny

Kunemaruka MatepuanbHON Touku. OnucaHre MEXaHMUECKOTO ABM)KEHHUS.

[TonsiTHE KNHEMAaTUYECKOW OTHOCUTENIBHOCTH. [IpuMep: KMHEMaTHKa B3phIBa.

WNuepuumanbHble cuctemsl oTcuera. [IpuHnun oTHOcHTenbHOCTH [ anues.

Bropoii 3akoH HetoToHa. OcHOBHas 3aaya Mexanuku. Orpannuenus mupa Herotona.

Kunernyeckas sHeprusi MaTepuaibHON TOUkH. Teopema 00 M3MEHEHUN KUHETHYECKOM

HHEPrUU MATEPUAIBHON TOUKHU.

6. TlorennmanbHbie cuibl. [loTeHIIMANBHAS SHEPTHS. 3aKOH COXPAHEHUS MTOJTHOW MEXaHHIECKON
DHEPIHUH.

7. VMmynbc 1 MOMEHT UMITYJIbCA MaTepUAIbHON TOUKU. Y paBHEHUS JBUKCHHUS, 3aKOHBI

COXpaHEHHS.

Hmnynbc cucTeMbl MaTepuallbHbIX TOUEK. Y paBHEHHE JBUKECHHUSI, 3aKOH COXPaHEHHUSI.

9. MoMeHT UMITyJIbCa CUCTEMBI MAaTepHAIbHBIX TOUEK. Y paBHEHUE IBUKECHHUS, 3aKOH
COXpaHEHHS.

10. Teopema 06 M3MEHEHNH KMHETHYECKOW YHEPTUN CUCTEMBI MaTEPUATIbHBIX TOYEK.

11. Knaccudukanus cpszeil. O60011eHHbIe KOOPAUHATHL. ['0JJOHOMHOCTB.

12. YpaBuenue Jlarpanxa B 00001eHHBIX KoopAuHaTax. Meton Jlarpanxka.

13. MuccumatuBHas QyHKITHS.

14. TIpyHIMT HAUMEHBIIIETO JEHCTBUS.

15. CummeTpust IpoCTpaHCTBAa-BPEMEHHU U 3aKOHBI coxpaHeHus. Teopema Hérep.
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16. JIuHeHBIN TAPMOHUYECKHA OCITUIUTITOP. Masbie KoieOaHus.

17. TapMmoHHYECKUHN OCLIILISTOP C TPEHUEM.

18. BoinyxaeHHble Kose0aHusl. 3aBUCUMOCTb aMIUTUTYAbl OT YaCTOThI BEIHYXKIAIOIIEH CUIIBI.
Pe3onanc.

19. Ananu3 0THOMEPHOTO JIBHKCHHUSI.

20. 3amgaua nByx ten. [locTaHOBKA M CBEJIEHUE K CUCTEME KBa3W9acTUIl. BUIbI TpaeKTOPHIA.

21. 3anmaya Kerepa.

22. JImxeHNe B HEMHEPIHAIBHBIX cucTeMax orcdera. Cuibl nHepuuu. [IpuHimn
SKBUBAJIEHTHOCTH.

23. Tensop unepuuu. Crucrema riaBHbIx oceil. Kimaccudukarus tBepabix Tea. MOMEHT HHEPLUH.

24. O0u1re xapaKTepUCTHKU CBOOOIHOTO ABMKEHUS aCHMMETPUYHOTO BOJTYKA.

6 cemecT
Bonpocsl Kk 3k3aMeHy

3akoH Kynona. Dnexkrpuyeckoe nosie. HanpsikeHHOCTb.

Teopema I'aycca. [Ipumenenue 1. ['aycca i pacuera 3JI€KTPUUYECKUX MOJIEH.

Pa6ota cun snextpuyeckoro nosst. Hupkymnsiuus BekTopa HanpsbkeHHOCTH. [loTennman u
Pa3HOCTh MOTEHIIUAIOB. DJIEKTPUYECKOTO MOJIS.

CBs13b MEX]1y TOTCHIIMAIOM U HAIPSHKEHHOCTHIO. [loTeHIMaIbl HEKOTOPBIX MOJICH.
JM3neKTpuKY B 3JI€KTpUYECKOM ToJie. Tunel 1u3neKkTpukoB. BekTop nonspuzanuu.
Dnektpuueckoe cmenienue. Teopema ["aycca mist nuanexktpukoB. 3akoH Kynona nmst
JIUAJIEKTPUKOB.

DNEKTpUUECKOE MO0JIe 3apsyKEHHOr0 MPOBOHUKA. [[pOBOTHUKH B 3IEKTPUYECKOM IIOJIE.

OnektpoeMKocTh. KoHIeHCcaTOpbl. DHEPrus 3JIEKTPUUECKOTO MOJIS.

Onexrpuueckuil Tok. [ImoTHOCTH U cuia Toka. 3akoH Oma, 3-H [xoynsa-JleHua B uHTErpanbHON
u quddepeHnnanbHol hopme.

OJ1C, 3akon Oma 1t 3aMKHYTOH 1ienu. PaboTa 1 MOITHOCTH B 11eNU MOCTOsSIHHOTO ToKa. KITJ]
uctounuka toka. [Ipasuna Kupxroda.

Krnaccudukanus TBepabix T (IPOBOJIHUKH, TTOTYIIPOBOIHUKH U AUAIEKTpUKH). [Iprpoma Toka
B Metasutax. OnbiTel Mannensmrama v [lonanekcu, Tonmena u Ctroapta. Kinaccuueckast Teopust
AJIEKTPONPOBOITHOCTH METAIJIOB U BBIBOJ U3 Hee 3akoHOB Oma u Jlxxoynsa-JIeHua.

TpynHocTH Kinaccuueckor Teopuu. [1oHATHE O HU3KOM U BBICOKOTEMIIEPATYPHOM
CBEPXITPOBOIUMOCTH.

DNEKTPONUTHL, 3-H OMa JIs 3JIEKTPOIUTOB. 3aKOHBI 3JIEKTPOIIH3A.

[Ipoteccrl noHM3aMK U peKoMOMHaIUU. HecaMoCTOsTeNbHBIN U CAMOCTOSITEIIbHBINA Ta30BbIN
pa3psabl. BonbramnepHas xapakTepUCTHUKA Fra30BOr0 pa3psa.

Bune! paszpsaa (Tieromuil, iCKpoBOi U KOpoHHBIH). Monnus. [lonsTie o miasme.

OmnbiTel Dpcrena u Amiepa. BUTOk ¢ TOKOM B MAarHUTHOM 1oJie. MarHUTHBI MOMEHT BUTKA.
NHaykiys v HanpsHKEHHOCTh MarHUTHOTO TTOJIS.

3akoH buo-Caapa-Jlanuiaca. MarHuTHoOE moJie ABMXKYILErocs 3apsa.

MarauTHoO€E noJie MPSIMOTO U KPYrOBOTO TOKOB.

Hupkynsiiusi BEKTOpa MHAYKIIMM MarHUTHOTO MOJIsl. 3aKOH MOJHOT0 TOKa. MarHuTHoe nose
COJIEHOMJAIIBHOTO TOKA.

Cwa Ammniepa u cuna Jloperna. OnpeneneHue yaeapHOTo 3apsiaa dyiekTpoHa. [uknnueckue
YCKOPHUTEIIH.

Dddext Xomna.

OTHOCUTENBHBINA XapakTep AEKTPUUECKOIO U MArHUTHOTO TOJIEH.

OnbiTel @apanes. 3akon Papanes u npasuiio Jlenna.

®dusnueckas Ipupoja IEKTPOABUKYILIEH CUITbl UHIYKIUU. BUXpeBoe aeKTpruiecKkoe mose.
Buxpesbie Toku. [ToBepxHOCTHBIHN 3P PexT.

Camounnykuus. UTHIyKTUBHOCTb. DIEKTPOJIBHKYIIAs CHJIa CAMOMHIYKIUU.

DHeprusi MarHUuTHOTO TIOJIsI TOKOB. DHEPTHUs ¥ TUIOTHOCTh DHEPTUU MAarHUTHOTO TTOJISI.
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AToM B MarHuTHOM T1oJie. BekTop Hamarandenus. Kinaccudukaiys MarHeTHKOB.

Tok cmenieHus.

VYpaBuenuss MakcBesuia B uHTerpaibHo 1 quddepennmnansaoi popme. X Gpusznueckuii cMbIci.
[Tpunuun nonyuenus nepemennoit 31C. Buabl conmpoTuBIEHU B LIENIH NEPEMEHHOTO TOKA.
3akon Owma. Pe3oHaHC HanpsHKeHUH.

MoOIHOCTB B LIENU IEPEMEHHOTO TOKA.

DneKTpuuecKuil KosiedaTenbHbIi KOHTYp. CoOcTBeHHBIE Koslebanus, hopmysa TomcoHa.
3aryxawllye ¥ BbIHY)KJIEHHbIE KojeOaHus B KOHType. Pe3oHaHc.

[1nockue BOHBI B OAHOPOJAHOM IIPOCTPAHCTBE, CKOPOCTh UX pacnpocTtpaHenus. N3nyuenue
AJIEKTPOMarHuTHBIX BoJH. OnbIThl ['epra.

O6beMHas IIOTHOCTD SHEPTUH IEKTPOMarHuTHOro noJjs. [lotok suepruu. Bekrop YMmoBa-
ITorinTuHra. [1Ikana 31eKTPOMarHUTHBIX BOJIH.

7 cemecTp
Bonpocsl Kk 3k3aMeHy

TpynHOCTH KJIacCCHUECKOW (U3MKM TpU OOBACHEHHM CIEKTpa M3JIy4eHHsS TBEPJOro Tena.
®opmyia Panes-/xunca.®opmyna I1nanka.

KBantoBasg rumorte3a Ilmanka. OcHoBbl kBaHTOBOW Teopun cBera. Dotorddext. Dddexr
KomnroHna.

KBanToBas runotesa Ilnanka. /[aBieHue cBera.

Mopens atoma TomcoHa. PaccestHue a-4acTulil 3J1€KTPOHOM.

Mopnens aroma TomcoHna. PaccesHue o-yacTHll paBHOMEPHO pPAaCIpeNeIeHHBIM I1apo0Opa3HbIM
II0JIO’KUTEIIBHBIM 3apsSI0M.

OnbiT Pesepdopna. PaccesHue a-yacTHUIl MAacCHUBHBIM IOJIOKUTEJIBHBIM  SIAPOM — aroma
Pezepdopna.

Monens atoma Peszepdopaa. @opmyna paccesaus Pesepdopna.

Mopnens atoma Bojgopoaa no bopy. I'mmoreza [le bpoiina. KsantoBanue paauyca opOUT
AIIEKTPOHA.

OKCHepUMEHTAJIBHBIE MOATBEPAKACHNAA Moenu atoma bopa. OnsiT @panka u I'epua.

Teopus bopa-3ommepdensaa. IlpocTpancTBeHHOE KBAaHTOBAHHUE.

CootHomenue HeonpeaeneHHocTH ['eizenOepra. OObsAcHEHHE COOTHOLIEHUSI HEOIIPEEIEHHOCTH
Ha npuMepe TudpaKuu J€KTPOHOB.

CootHomenue HeornpezaeneHHoctu ['eitzendepra. OOBICHEHHE COOTHOIICHUS HEOTIPEIEICHHOCTH
Ha OCHOBE B3aMMO/IEHCTBUS MUKPOUYACTHUIIBI C POTOHOM IIPH U3MEPEHUHU.

BonHoBoit nmaket - Mozienb poToHa. COOTHOLIIEHHE HEONPEAECICHHOCTH B BOTHOBOM IAKETE.
CootHomenue HeonpeaeaeHHOCTH [ eiizen6epra. EctecTBeHHast mMpuHa ClIEKTPaIbHBIX JTUHUH.
Maremarnueckuil annapaT KBaHTOBOM MexaHUKU: OnepaTopsl U X CBOMCTBA.

Bonnosas ¢ynkums — ¢ynkuus cocrosHus. CpenHee 3Hau€HUE BEIMYMHBI B KBAHTOBOM
MeXaHHKE.

BonnoBas ¢ynkuusa — gyHkuus coctossHusa. BeiBon onepaTtopa npoekiuu umiynbca. Oneparop
KMHETUYECKOW YHEPTUHU.

Omneparop IOJHON SHEPruM — TraMWIBTOHMAH - B KBAaHTOBOW MexaHHMke. CTallMOHapHOE H
HecTanroHapHoe ypaBHeHus [lIpenunrepa.

OcHOBHbBIE NPUHIMINBI KBAHTOBOM MexaHHKH. CaMOCOIpPSKEHHOCTh ONEpPaTOPOB B KBAHTOBOMU
MeXaHHKE.

CooTBeTcTBHE KJIACCHMYECKUX M KBAHTOBO-MEXAaHWYECKMX BEIMYMH M MOHATHH. OTHOLIEHHE
KOMMYTAaTHBHOCTH OIEPATOPOB U €ro (PU3UUYECKHI CMBICII.

OnHoMepHBINE OeckOHeuHO TIyOOKHi "moTeHuuanbHbIM smuk". KBaHTOBaHWE COCTOSHUI H

DHEPIUH.
TpexmepHbIii 0€CKOHEUHO TIIYOOKHH '"MOTeHHHMaTbHBIA sSmMK". KBaHTOBaHME COCTOSIHUN H
SHEPTHH.

KBaHTOBO-MEXaHMUYECKUI TapMOHMYECKUH JIMHEWHBIA OCHWLIATOp. Pemenue ypaBHEHHs
IlIpenunrepa.

KBanToBO-MeXaHMYSCKUH FapMOHI/I‘{CCKI/Iﬁ JIMHEMHBIN OCHUJIIATOP. KBanToBanne OHEPTUU U
COCTOSIHUM. CpaBHeHI/IC C KITACCUYCCKUM I'apMOHHUYCCKHUM OCHUJIATOPOM.
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[TpeononeHre MUKPOYACTUIICH MOTEHIIMATIBLHOTO Oapbepa OECKOHEUHOM ITHPUHBIL.

[IpeomoneHne MUKpPOYACTHIICH TOTCHIIMAIBHOTO Oaphepa KOHEYHOW IIUPHUHBL. TyHHEIHHBINA
¢ dexr.

KBantoBas Mozaens atoma Bojopona. YpaBHenue Illpeaunrepa B cdepuueckoit cucreme
KoopauHaT. Tpuana ypaBHEHUN.

KBantoBass Mozenp aroma Bojaopoaa. KBaHTOBaHME NPOEKIMU MOMEHTA MMIyJIbCa U MOAYJIA
MOMEHTAa UMITYJIbCA.

AtoMm Bogopoaa. KBantoseie uncna. Hopmanbshbiit a¢dexT 3eemana.

MmuoroanektporHabie atoMbl. CrivH anekTpona. OnbiT [lTepra u ['epnaxa. AHomManbHbINH 2P hEeKT
3eemana.

Mmuorosnekrponnsie arombl. [lpunuun Ilaymu. CTpoeHne 5>JIeKTPOHHBIX O0OJOYEK AaTOMOB.
[Tepuoaunueckas cuctema 3JEMEHTOB.

AtomHBIe opOuTanu. B3anMopelicTBUEe aTOMHBIX oOpOuTasieil. MoOJeKyaspHbIE OpOWTaIu Ha
npumepe MoJekynsl HO.

. Sp°-rubpuaM3aLms aToMa yriepoaa. Monekyla MeTaHa.
. Sp”-rubpuauzanus aroma yriepoja. Monekysa 3TujeHa.
. Sp-ruOpuau3anys aromMa yriepoaa. Molekyia aneTuieHa.

8 cemecTp
Bonpocsl k 3k3ameny

da3oBeie pocTpancTBa. Teopema JleyBuiuis.

TepmoanHaMuueckast BEpOSITHOCTh. Teopema Mapkosa.

Pacnpenenenue Ilyaccona.

Pacnpenenenne MakcBeiuia o npoekiusiM CKOpOCTE.

Pacnpenenenne Makcgeiia o MOAYJISIM CKOPOCTEHN U IO SHEPTUSIM.
Pacripenenenne Makcpemna-bonsimana. bapomerpudeckas popmyna Toppruyernim.
KBaHTOBBIE CHCTEMBI U UX CBOMCTBA.

Pacnpenenenne cocTosiHUi 110 SHEPTHSIM B (Ha30BOM IPOCTPAHCTBE.

Craructuka 6030HOB. Pacnipenenenne bo3ze-DitHiTeliHa.

Crartuctuka ¢pepmuoHoB. Cratuctuka @epmu-/lupaxa.

BeiBoj pacnipenenenus I'u60ca.

CraTuCTUYECKU CMBICI SHTPONUU. DHTPOIUS U BEPOSTHOCTb.

Craructrueckuil XxapakTep BTOpOro Hayaiga TePMOJUHAMUKH.

HyneBoe Hauano TepMOAMHAMUKH.

PaBHOBECHBIE COCTOSIHUS TEPMOJMHAMUYECKON cucTeMbl. [lapameTpbl cocTOsHUS

TepMOHHHaMHHGCKOﬁ CHCTCMBEI.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

VYpaBHeHUs U (YHKIIMU COCTOSHUS.

TepmonnHamuyeckue K03QPUIMEHTHI U TEIII0EMKOCTH.

IlepBoe Ha4aO TEPMOJUHAMUKH.

CBs3b Cp U Cy.

Anmnabatudeckuii mpoiiecc.

[TonuTponmyeckunii mporecc.

Tennossie aguratenu. Hukn Kapho.

OHTpomnus — PyHKIHS COCTOSHUS.

OHTponus aAnadaTHYECKUX MPOLIECCOB.

OHTponus UACAIBHOrO raza. Pacmmpenne naeanbHoOro ra3a B mycroTy.
Bo3spacTtanue sHTpONuY Npu CMEMINBAHNUN ABYX UI€AIbHBIX [a30B.
TepMmonrHamMuyeckue QyHKIHH.

N3orepMmbl Ban-nep-Baanbca 7151 peabHbBIX Ia30B.

®a3osele nepexoabl. Popmyna Knanelipona-Knaysuyca.

Cunbl TOBEPXHOCTHOTO HaTsDKeHUs. KanwispHoe siBieHue.
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9 cemecTp
Bomnpocekl k 3x3aMeny

Kpucrannnueckue u amop¢Hsble Tena.

KoBaneHTHas cBs3b.

Ban-nep-BaanbcoBo B3anmoaeiicTBHeE.

Nonnas cBa3b. [locrosannas Manenynra.

Bonopoanas u metamnyeckast CBsI3H.

Onepauny TOUeYHON CUMMETPUU (LIEHTP UHBEPCUH, IIJIOCKOCTh CUMMETPUN).
Onepanuy TOYeYHONH CUMMETPUU (TIOBOPOTHBIE M HHBEPCUOHHBIE OCH).
BsaumoneiictBue onepauuii cumMMeTpu. 32 Kiaacca TOUEYHONM CUMMETPUHU.
Pemierka Tpancnainuii kpuctawion. 14 Tumnos pemerok bpasa.

. Onepanuy npocTpaHCTBEHHON cuMMeTpud. 230 MpoCTpaHCTBEHHBIX IPYII CHMMETPHUH.
. OcHOBBI TEOpHH TU(PAKIUU PEHTTEHOBCKOIO M3ITyYEHHS Ha KpUCTaILIE.
. Ycnosus Jlaya.

. [TonsiTHEe 0OpPATHOM pEHIETKH.

. Merons! JIays u BpaieHus.

. Pentrenorpadus noaIuKpuCcTawioB.

. IIpogonbHbIEe BOJIHBI B OJHOMEPHOM OJIHOATOMHOM KpHUCTAJLIE.

. @oHOHHAs MOJIelb TEIUIOBBIX KoneOanuil. Temneparypa Jlebast.

. TenmoBoe pacimpeHye u TEMmIONPOBOIHOCTb TBEPABIX TEI.

. TermoeMKoCTh TBEPABIX TE.

. @azoBas npodnema PCA.

. I[Ipsimble MeTObI paciu(POBKU KPUCTATUIMUECKUX CTPYKTYD.

. ITaTTepcoHoBCKME METO/1bI paclIn(PPOBKU KPUCTAIMUECKUX CTPYKTYP.
. [lpunuun mioTHO#M ymakoBku. [noTHeHne yakoBKY 1IapOB.

. MeToj 1ucKpeTHOro MOAETMPOBaHUS YIIAKOBOK MOJIEKYJ B KpUCTaJLIaX.
. DHepreTuyecKkue 30Hbl KpUcTasia.

. O6pa3oBaHue HIHEPTETUUECKHUX 30H B YIIPOIIEHHON MOJIEIINA KpUCTaJLja.

. 30HHas TEOPUs MPOBOIUMOCTH (IPOBOJHUKH U AUIIEKTPUKH )

. 30HHas TEOPHsI MPOBOIUMOCTH (TIOTYIPOBOAHUKH )

. Kimaccuueckas anekTpoHHast Teopus IPOBOAUMOCTH METAJUIOB.

. KBaHTOBas cTatucTuka 3l1eKTPOHOB MPOBOJUMOCTH.

. CBepXnpoBOIUMOCTb.

. JlnamarHeTusM u napaMarHeTusM.

. DeppoMarHeTusMm.

. Kpucrannmueckue u amopdnslie Tena.

10 cemectp
Bonpocsl k 3k3ameny

N3otomb! u ux cBoiicTBa. JledekT macc. DHEPTUs CBSI3HU.
Kanenpnas monens anpa. @opmyna Belnzekkepa.
OO6omounast MOJIETh Sapa.

CBolicTBa SAEPHBIX CHIL

Me3zoHHas Teopusl SIIEPHBIX CUJI.

IloneBas Teopus AAEPHBIX CUIL.

PagnoakTuBHOCTB. & -pacnan.

PaguoaxktuBHOCTB. [ -pacnan.

PannoakTuBHOCTB. ) -H3IIydeHHE.

3aKOH paJIMOAKTUBHOTIO pacIaja.
OO1u1re cBeieHus O SACPHBIX PEaKIMX.
MexaHu3MBl AIEPHBIX PEAKLIAN.
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13. MexaHu3M CHOHTAaHHOTO JIEJICHUS SIEP.

14. Jlenenwue sinep noxa A€HCTBUEM HEUTPOHOB.

15. llennas siaepHas peakifusi.

16. Snepuslii peakTop

17. Peakuum cuHTE3a B IPUPOAC. Y TIICPOAHBIA UK.

18. Peakuuu cuHTe3a B pupoe. BogopoaHbIif UKL

19. Vmnpansemblii TEPMOSIICPHBIN CUHTES.

20. HcTouyHUWKH 3JIEMEHTAPHBIX YacTHII. THUIIBI yCKOPUTEIEH.
21. JleTeKTOphI YACTHII.

22. Merton paccesaus. Iddext Komnrona.

23. Merton paccesiausi. OnbiTel Pesepdopia mo paccessHUIO @ -4aCTHIL.
24. Meton paccesiaus. OTKpBITHE HEUTPOHA.

25. CocTaBHBIE 2JIEMEHTHI Spa.

26. Kmaccuduxarnus 31eMeHTapHbIX YacTHUIl.

27. OcHOBHbBIE XapaKTEPUCTUKH 3JIEMEHTAPHBIX YACTHII.

28. 3akoHBI COXpaHEHUs B (PU3UKE YACTHUILI.

29. MynbTUmieTsl B npocTpancTBax T, u T, =Y.

30. KaapkoBas Mojenb aipOHOB. bapHOHHBIN OKTYILIET.

31. KBapkoBas MOZENb aipOHOB. bapHOHHEII NEKyILIeT.

32. KBapkoBas Mojenb aipoHOB. Me30HHBIN OKTYILIET.

33.  DnexTpoMarHUTHOE B3aWMOJICHCTBHE B (DU3HMKE YACTHII.

34. Cnaboe B3auMojcicTBUE B (DU3UKE YACTHII.

35. CumibHOE B3aUMO/JICHCTBUE B PU3UKE YACTHIL.

36. Teopus BeIuKkoro oObeTMHCHHUS.

37. Tlpumepsl quarpamm deiiMana MpeBpaLICHUH ¢ y9aCTHEM CIIa00T0 B3aUMOJICHCTBUSI.
38. IIpumeps! nuarpamm deiimana mpeBpalieHU ¢ y4acTUEM CUIBHOTO B3aUMOJICHCTBUSI.

5.3. CamocrosiTesibHasi padora oOyuawuerocsi. [Ipugoosamcs 6udbl CcamMocmosmenbHou
pabomul  0OyuaOwe20cs, NOpPAOOK UX GbINOJHEHUs U KOHMPOAsa, 0aemcs yueOHO-Memoouyeckoe
obecneuenue (803MONCHO 8 GUOE CCHLIOK) CAMOCMOSMENbHOU padomvl N0 OMOENbHbIM pazoenam
OUCYUNTUHBL.

Vkaswisaromes memwi scce, peghepamos, Kypcosvlx npoekmos (pabom) u op.

Texymas CPC, HanpaBiieHHas Ha yriIyOJieHUE U 3aKpeTyIeHUe 3HaHU  CTyJIeHTa, pa3BUTHE
MPAKTUYECKUX YMEHUN BKITIOUYACT:

- paboTy ¢ JIEKIIMOHHBIM MaTEepPHaIOM, MTOMCK U 0030p JTUTEPATYPhl U IEKTPOHHBIX UCTOYHUKOB
uH(pOpMallMy 0 MHAUBUAYAJIbHO 33JJaHHOM Ipobieme Kypca,

o BBITIOJTHEHHUE JIOMAIIIHUX 33/1aHui, KOHTPOIBHBIX padoT,

o W3YYCHHUE TEM, BBIHECEHHBIX Ha CAMOCTOSTEIBHYIO TPOPabOTKY,

- MOJATOTOBKY K MIPAKTHYECCKUM U CEMUHAPCKHUM 3aHSITHSIM;

- IOATOTOBKA K KOHTPOJILHOM paboTe, K 3a4eTy, IK3aMeHY.

TBopueckasi Nnpo0J/ieMHO-OPUEHTHPOBAHHASA CaMoCTOSITeJIbHAS pa6ora (TCP),
OpUEHTUPOBAaHHAS HAa pPa3BUTHE WHTEIJIEKTyalbHBIX YMEHUH, KOMIUJIEKCA YHUBEPCAIbHBIX
(OOImIEeKyNbTYpPHBIX) ¥ TPO(ECCHOHATBLHBIX KOMIETEHINH, TOBBIIICHHE TBOPYECKOTO TMOTEHIIHAJIA
CTYJICHTOB BKJIFOUAET CIIEAYIOIINE BUIBI Pa0OT 10 OCHOBHBIM TpobiieMaM Kypca:

- TIOUCK, aHAJIU3, CTPYKTYPUPOBAHUE U MPE3CHTAIIUS HH(POPMAITUH,

- aHAJIM3 HAYYHBIX IMyOJIUKAIIMIA IO 3apaHee ONpeIeTICHHON MPernoaaBaTeeM TeMe;

- aHAJIM3 CTATHCTUYCCKUX M (DAKTHUECKUX MATEPHAJIOB IO 3aJaHHOW TeMe, NMPOBEJICHUE PacyueTOB,
COCTaBIIEHHE CXEM M MOJeNieil Ha OCHOBE CTATUCTHUECKUX MATEPUAIIOB.
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Conep:kaHue caMOCTOSATEILHOM Pa00ThI CTYJAECHTOB IO IMCIUIIIHHE

5 cemect
3aiaHus 1J151 CAMOCTOATEIbHOM PadoThI CTY/I€HTOB:
1. Ilo 3agaHHBIM ypaBHEHUSAM JBUKCHUS TOYKHA HANUTHU 3aKOH JBM)KCHMS TOYKH I10 TPACKTOPUH,

OTCUUTHIBAs PACCTOSHUE OT HAYaJIbHOTO MOJIOKEHUSI TOYKU, a TaKXKe MOJYJb BEKTOpa CKOPOCTH B
JCK: x=4Int, y=3Int.

2. [lo 3amaHHBIM YpaBHEHMSIM JBIKEHUS TOYKH B MOJIAPHBIX KOOpJAMHATAX HAWTH MOJIYJb
CKOPOCTH (TOJHOM CKOPOCTH) M MOJYJb PaJUAIbHOIO YCKOPEHHUS TOUKH: r=cos® a)t—SInZa)t,
p=ot

3. CocraButh nuddepeHImansHoe ypaBHEHUE ABMKCHHSI TOYKH MAacCOM m JBYIKYIIEHCS TOJ
nevicreueMm nsatu cwit: F1, F2, F3, F4 wu F5, nanpaBnenssix moja yriaamu o (0°<a<45°), a+60°,
a+120°, a+180° n 0+240° K 1M0JI0KUTETLHOMY HAaIIPABJICHUIO IBUYKEHHUSI COOTBETCTBEHHO. Bee yriibl
OTCUUTBIBAIOTCS IPOTUB XOJIa YACOBOW CTPEIIKH.

4. [To u3BecTHOMY muddEepeHITNATEHOMY yYPaBHEHUIO ABW)KCHHUS MAaTEpUATbHOW TOYKH, TPU
VKa3aHHBIX HayaJbHBIX YCIOBUSX, ONpPENETIUTh €€ MOJIOKEeHHE B JII000H MOMEHT BpEMEHHU:

.y.+/1§/:et t:t():Ol y:yO:O! 9:)./0:0

S. CocraButh ¢ynkuuto Jlarpamxka st IByX 3y0daThIx Kosiec MaccamMud ml U m2 u paguycamu
rl u r2, HaXOoAALIMXCS B 3allelle U PacloIOKEHHBIX B TOPU30HTAILHON TNIOCKOCTH.
6 cemect

Tembl pedepaToB 1Jis1 CAMOCTOATENBHON PadoOThI

ATMOC]EpHOE IIEKTPUUECTBO.

DNeKTpUYecKue CBONCTBAa KPUCTAILIOB.

MeTtobl pacueTa 3JeKTPUUECKUX 0JIeH, CO3JaHHbIX 3apsKEHHBIMU TPOBOAHUKAMM.

MeTob1 pacuéT 3NMeKTPUUECKUX IETNel MOCTOSHHOTO TOKA.

OTKpbITHE CBEPXIIPOBOAUMOCTH.

HuskoremmneparypHas cBepXmpOBOAUMOCTb.

CoBpeMeHHBbIE ANEKTPOU3MEPUTENbHBIE IPUOOPHI, UCTIOIb3YEMbIE ISl U3YUEHUSI DJIEKTPUUECKUX

Y MarHUTHBIX MOJIEH.

8. Dddekr Xoia u ero UCNOJIb30BaHNE B TEXHUK.

9. Buapl IMKINYECKUX YCKOPHUTEIEH 3apsHKEHHBIX YacTHIL.

10. OmnprThl ['epria Mo M3y4EHHIO AIEKTPOMATHUTHBIX BOJTH.

11. Metobl 110 ONpeAETIeHUIO YISIBHOTO 3apsiAa YaCTHII.

12. Metobl TOBBITIEHUS KO (HUITEHTA MOIIIHOCTH B IIETIH TIEPEMEHHOTO TOKA.

IIpoexkTHast AeATEJIBHOCTH

CoznaHue MIKOIbHBIX BUPTYaIbHBIX JJAOOPATOPHBIX padOT MO AJIEKTPUUECTBY.

Co3aaHus BUPTyalbHON YCTaHOBKH IIMKJIOTPOHA.

Co3znanne BUPTyaTbHOM YCTAaHOBKH Macc-CrieKTporpada.

KomMmmbprotepHoe MoienpoBaHUE MOJSIPU3ALANA JUJIEKTPUKOB.

KoMmmbploTepHoe MOJeNUpoBaHME JBMXKEHUS 3apsDKEHHBIX YacTHI] B DJIEKTPUYECKHX H

MarHUTHBIX MOJISX.

6. Kommproreprnoe moaenupoBanne dpdexra Xosia.

7. KomnbroTepHoe MoeIpoBaHKE SBICHUS TUCTepe3uca B (heppoOMarHeTuKax.
/ceMecTp

Copaepxanue caMOCTOATEJBHOM PadOTHI CTYACHTOB IO JUCHHUIINHE

1. [ToryunTh ypaBHEHUE, ONIPENIEISIOIIEE YHEPTETHUECKHE YPOBHU AUCKPETHOTO CIIEKTpa JJIst

YaCTHUIIBI B TOTEHLIMAIBHON siMe

—u | x|<a
U)=1 "

NoakowhE

arONE

0, | x|>a
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rae U, > 0. KakoBo yciioBre MOSBICHHS HOBBIX COCTOSHUI IUCKPETHOTO CIIEKTPa IPH YrTyOIeHUH
sMbl? HaiiTu sHEpreTHuecKkue ypoBHH HUKHEH YacTH CIIEKTPa B Cliy4yae IIIyOOKON MBI

2 2 o 2 2 o
Uy, > 7 /ma“. PaccMOTpETh IMY Majioi IIyOHHEI U, <7 /ma“. ITokasark, 4TO B TAKOM sIME

HMECTCs OJUH YPOBECHb JUCKPETHOI'O CIICKTpa.
2. BeckoHeuyHO riTyOOKas SiMa IMUPHHONW 8 3aHuMaeT nosoxkenue or—a/2 mo a/2. Yacruia

222 2
HaXOJUTCsI B COCTOSIHMH, B KOTOPOM €€ SHEPIHsi MOXKET IPUHUMATh 3Hauenuss E, = 7°7° /2ma“ ¢

242 2 232 2
BepositHOCTBIO 1/4, E, =471 /2ma’ ¢ BepositHocThio 1/2 u E; =97°7° /2ma®, ¢ BepositHOCTBIO
1/4. Yemy paBHO cpelHee 3HAYCHHE OIIEPATOpa YSTHOCTH B yKa3aHHOM cocrosiHun? Kak ata
BEJIMYMHA 3aBUCHT OT BpEMEHH?
3. B momenT Bpemenu t =0 HOpMHpOBaHHAas BOJTHOBAs (PYHKIMSI OJJHOMEPHOTO OCIIHILIATOPA HMEET
BHL

2
P(x,t=0)= x+x2)exp —X? X=X

2l
NG il me
KaKI/Ie 3HAUYCHUA MOXKECT HpI/IHI/IMaTL BHCpFI/IH OCI_II/IJ'IJ'IHTOpa B MOMCHT BpCMeHI/It U C KAdKUMHU
BeposATHOCTsIMH? HaliTu cpeHIoio SHEpruto 4acTullbl Kak (GyHKIUI0 Bpemenu. KakoBa cpennss
YCTHOCTH YKa3aHHOFO COCTO?[HI/UI? KaK CpGI[H?I?I YETHOCTH 3aBUCHUT OT BpeMeHI/I?
4. B momenT Bpemenu t =0 HOpMHpOBaHHAs BOJTHOBaS PYHKIUSA OJHOMEPHOTO OCHUJLIATOPA UMEET
BU/JT

2 x? X
FO=0)=3m (-x)exp| =5 X~ i

HaiiTi cpeanioro KOOpANMHATY OCHUIIIATOPA B ’TOM COCTOSTHUH Kak (QyHKIUIO BpeMeHH. Haiitu
TaKKe MOTOK BeposTHOCTU 1pH X =0 kak pyHkuuio Bpemenu. Jlath GU3NUECKyI0 HHTEPIIPETALIUIO
MOJIyYEHHBIX PE3YJIbTATOB.

5. BonHoBas ¢yHKIus yactuiel uMeeT Bua exXp(—3ig) . Haiitu BepoSTHOCTH TOTO, UTO MPU

M3MEpPEHUHU KBapaTa MOMEHTA UMITyJIbCa YacTUIIBI Oy/leT OOHapyKeHbl 3HaueHus 64°, Th’.

6. YacTuIla HAaXOJUTCs B COCTOSIHUM € ONPE/IEeHHBIMU 3Hauenusmu L> =24% u L, = 7. Kakue
3HAUEHUs MIPOEKIIMM MOMEHTA UMIYJIbCa HA OCh X MOYXHO OOHAPYXHTh B pe3yJbTaTe H3MEPEHUI B
9TOM COCTOSTHUH M ¢ KAKMH BEPOSTHOCTAMU?

7. Mycte E, 3nauenue sneprun N -ro ypoBHs SHEPTrUH AUCKPETHOTO CIEKTPA YACTHIIBI B

neHTpabHOoM ToJie (71st ocHoBHOTO coctosiaus N =1). Kakumu MoryT OBITH MaKCUMAaIbHO
BO3MOJKHBIE 3HAaYEHHUSI MOMEHTA YaCTHIIBI JJIsl COCTOSIHUM 3TOTO ypoBHs? Kakum MoxkeT ObITh
MaKCHUMaJIbHO BO3MOKHOE€ 3HAUE€HHUE KPATHOCTU BBIPOKIAEHUS YPOBHS?

8. HaiiTu sHEpruu v BOJHOBBIC (DYHKITUU CTAITMOHAPHBIX COCTOSTHUN YaCTUIIBI B OECKOHEYHO
NIyOOKO# cheprdecKkoi MOTEHIUATBLHOM iMe pajinyca a, B KOTOPBIX MOMEHT UMITYJIbCa UMEET
snauenue | =0. [ToayunTs ypaBHEHUE /It SHEPTHUI COCTOSIHUE ¢ MoMeHTOM | =1.

9. [IpoBecTu kmaccuHUKAIMIO MATH HIDKHUX YPOBHEH cPepruecKkoro OCIUUIITOpa 0 3HAYCHUSIM
KBAaHTOBBIX 4HCeN N, | 1 M, HCXOMs TOIBKO M3 KPATHOCTH BBIPOXKACHUS YPOBHEH

10. B HauanbpHBI MOMEHT BpeMEeHH C(HepUIECKHI OCIIMILISTOP HAXOAUTCS B COCTOSIHHUH C
«J1eKapTOBBIMI» KBAaHTOBBIMHU uuciamu N, =1, n, = 2, n, =3. HaiiTi BepOSTHOCTH pa3In4HbIX
3HAYEHUW YETHOCTH OCHMILIATOPA U CPEHIOI0 YETHOCTh B 3TOM COCTOsIHMU. Kak 3Ta BennunHa
3aBUCHUT OT BpeMeHH? Kakue 3HaueHus MOXKEeT MPUHUMAaTh MOMEHT UMITYJIbCa OCLMIIIATOPA B 3TOM
COCTOSTHUM?

11. Cdhepudecknii OCHHIUTSITOP HAXOIUTCS B CTALIMOHAPHOM COCTOSIHUH C «JI€KaPTOBBIMU
KBaHTOBBIMH yrciamu N, =0, n, = 0, n, =3. HaiiTu BeposITHOCTH Pa3INYHBIX 3HAYCHHIT IPOCKIMH

MOMCHTA UMITYJIbCa OCHUIIIIATOPA HA OCh Z.
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12. TTocTpouTh IpUMEPHI BOTHOBBIX (DYHKIIMI COCTOSTHUN CBOOOTHOM YaCTHUIIBI, B KOTOPHIX: a)
SHEPTHUsl YACTHULIbI, KBJ[paT €€ MOMEHTA UMITYJIbCa UMEIOT ONPE/ICNICHHbIE 3HAYEHUs, @ IPOCKIIUS
MOMEHTAa Ha OCh Z MOXET PUHUMATh JIBAa PA3IMYHBIX 3HAYCHHUS; 0) SHEPTUs YaCTHULIbI, UMITYJIbC U
MPOEKIMs MOMEHTA Ha OCb Z HMMEIOT ONpe/IeIICHHbIC 3HAUCHHUS; B) SHEPTHUsl YACTHUIIBI U IPOCKIUS
MOMEHTA Ha OCb Z HUMEIOT OIPEJCICHHbIE 3HAUECHHS], & UMITYJIbC M KBAaJIpaT MOMEHTA UMITYJIbCa
OIpe/IECICHHBIX 3HAYEHUI HE UMEIOT;

13. Haiitn k03 pUIMeHThI OTpaKEHHS M IPOXOXKICHUS YaCTHIIBI ¢ dHeprue E depes
IPSIMOYTOJIbHBII MOTEHIMAIbHBIN Oapbep

U O<x<a
U=y .

0, Xx>a, X<O0
rae U, >0.

IIpoexTHAasi 1eATEIHLHOCTH
1. Co3znganue MIKOJBHBIX BUPTYATbHBIX JJA0OPATOPHBIX padOT Mo poTodddeKTy.
KomrsroTepHasiBU3yanu3amnust aTOMHBIX OpOUTaICH.
3. KowmmbroTepHoe MOAeNTMpOBaHNE B3aUMOCHCTBHS aTOMHBIX OpOUTasIeH.
8 cemectp
1. Tpu crpenka crtpensroT B 1enb. BepostHoctu nmopaxenus uenu 0.2, 0.5, 0.3. Onpeaenutsb
BEPOSITHOCTH TOTO, YTO 1LI€Tb OYyIEeT opaXkeHa; 0) BEPOATHOCTh MONAAaHMs B IIEJIb BCEX TPEX
CTpPEJIKOB.
2. Tpu ctpenka crpenstoT B 1enb. BepositHoctu mopaxenus nemu 0.2, 0.5, 0.3. Onpenenutsb
BEPOATHOCTbH MONAAAHUS B 1IEJIb BCEX TPEX CTPEIIKOB.
3. Haiitu cpennHee 3Ha4Ye€HHE BEIMYMHBI X MPH SKCHOHEHIIMAIBHOM paclpeieICHUU
JTOM BEJIMYMHBI.

N

4. Onpenenuthb (x) IIpY pAaBHOMEPHOM pacHpeeIEHUN BETUUHUHBI X MEXy a U b.
5. Haiiti cpenHee 3HaYeHHWE BEIIMYWHBI, OOpATHOW CKOPOCTH MOJICKYJ rasza B
COCTOSIHMHM paBHOBecus, T.€. (1/V) .

6. Kakast yacTb MOJIEKY] MMEET MOAYJIb CKOPOCTH, JIEXKAIIUNH MEXKIY IOJOBHUHON
HaUBEPOSATHEHIIEH CKOPOCTH U €€ yIBOCHHBIM 3HaYEHHEM?
7. Pacnipenenenue BEPOATHOCTEH M ABYX CIy4YaWHBIX BEIIMYUH HMEET
cegyroumii Bux: dW (X, y) = A(x* + y?)dxdy (0<x<1,0<y<1). Haiiru
pacnpeeseHue BEpOSTHOCTU JJIs BETUYUHBI X.
8. Ompenenuth U M300pa3uTh (a30BYIO TPACKTOPHIO JJISA IJIOCKOTO pOTaTOopa,
BCsI Macca KOTOpOro cocpeioToueHa Ha paauyce R.
9. Haueptuth (pa3oBble TPaeKTOPUU OJHOMEPHOIO ABMXKEHUSI MaTepUaIbHBIX
TOYEK B IIOJI€ CHJIBI TSDKECTH C YCKOPEHHEM (=const ¥ NpOWJUIFOCTPUPOBATH
CIIPaBEUIMBOCTb TEOPEMBI JIMyBHILIA.
10. OueHuTs, Kakas 4acTb MOJIEKYJ BojopoJa rnpu tremneparype 300K obnanaet
CKOpPOCTSIMHU, JiexkamuMu B uHTepBase ot 1800 no 1810 m/c.
11. KakoMy 3Ha4e€HHUIO CKOPOCTH COOTBETCTBYET MAaKCHUMyM (YHKLIHHU
pacnpeznenenuss Makcsesuia o sHeprusm?
12. HaiiTu cpeHIOI0 BBICOTY BO3/YIIIHOTO CTOJI0A HA/l OBEPXHOCTHIO 3EMJIH.
13. 3anucars pacnpeneneHue CKOpOCTEd B HACAIHBHOM JABYMEPHOM Ta3e M HaWTH
€r0 CPEJHIOI0 CKOPOCTb.

9 cemecTp
Judpaxius B KpucTamiax
OcHoBHbIE POPMYIBI KpUCTAIIOTpaQuu sl KyOM4eCKNX KpUCTAIIJIOB
Kpucrannuueckue cTpyKkTypbl
BakancuM 1 MeX10y3€/IbHBIE aTOMBI.
TBEpabIe pacTBOPHI.

Huddy3us

ook wndE
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7 Kpucrannorpadus nmactudyeckoit regopmanun

8. Jucnokaruu

9. JlnarpaMmbl COCTOSTHUS IBOMHBIX METAJUTMUECKHUX CIUIaBOB.

10.  Pa3pyuieHue MaTepuanioB U UCIIBITAHUS HA YAAPHYIO BI3KOCTb.

11.  OcHoBHBIE TUIIBI CBA3EH B TBEPABIX TEIaX

12.  JlunammuKa pemeTKu

13. TenoBbIe CBOMCTBA TBEPBIX TEI

14. OnekTpoHbl B MeTajutax. CBOOOAHBIHN 31eKTPOHHBIN Ta3 Depmu

15.  3onHas Teopus TBEPHBIX TeN. DIEKTPUUECKHUE CBOICTBA TBEPABIX TEJ
16. MarHuTHbIE CBOMCTBA TBEPABIX TEIL.

10 cemecTp
Onwvim Peszepghopoa. HAoepnas modenvb amoma.

1. Ha pucynke npejcraBiieHa cxema dKCIIepUMeHTaIbHON ycTaHoBKU Pesepdopa anst nzyuenus
paccestaust c-yactull. Kakoit mudpoit Ha pucyHke oTMedeHa 30J10Tasi Posbra, B KOTOPOi
IPOUCXOJWIO PACCESHUE ¢ -4aCTHILL?

Al. B2. B. 3. I'. 4.

. o™ 3 4

74

2. CKOIIbKO MPOTOHOB B SJIPE dJIEMEHTA 'y F€ ?

A9. B.10. B.19. T.28.

3. Kakwue 3apsiibl UMEIOT « - 4acTHUIIA U AJIpo aToma?

A. O0a MOJIOKHUTEILHBIN.

b. O6a orpunarenbHbIi.

B. ¢ -yacTunia — noJIOKUTENBHBIN, SIPO — OTPULIATEIIBHBIN.

I'.  -dyacTunia — oTpuUIIATENBHBIN, SIAPO — MOJIOKUTETBHBIM.

4. KakoBa npupojia CuJjl, OTKJIOHSIOIINX YaCTHUIIbI OT MPSIMOJIMHEHHBIX TPACKTOPUH B OIBITE

Pezepdopna?
A. I'paBuUTaniioHHasl. b. Kynonosckasl.
B. Maruutnas. I'. SAnepHas.

5. [Touemy B ombiTe Pezepdopaa Oosbimast 4acTh ¢ -4acTHUIL CBOOOIHO TTPOXOJIUT CKBO3b (DOJIBTY,
UCTIBITBIBAS MaJIble OTKJIOHEHHS OT MPSIMOJIMHEHHBIX TPaeKTOpHii?
A. DIIeKTpOHBI UMEIOT MaJTyI0 (110 CPAaBHEHUIO C ¢ -4acCTHIIEH) Maccy.
b. Slnpo aTomMa nMeeT MOJI0KUTENBHBIN 3apsil.
B. Slnpo aToma umeeT mMasble (110 CPaBHEHHUIO C aTOMOM) Pa3MepBhl.
I'. a -yactuipl UMEIOT 60JIbIIYIO (TI0 CPAaBHEHMIO € SiApaMH aTOMOB) Maccy.
6. KakoBa opma TpaekTopuu « -yacTuiibl B onbite Pesepdopna?
A. Ilpsmast.
b. Dnnurnc.
B. ITapaGona.
I'. 'unepbomna.
Ceoiicmea amomnozo a0pa. IHepeusi C6:A3U AMOMHbBIX A0ep
1. B cocTaB siapa BXOIMT...
1) ...MpOTOHBL.
2) .. .HEUTpPOHBI.
3).. . DIIEKTPOHBI.
A. Tombko 1. b.1wu3. B.1u?2. I''1,2u3.

2. CKOJIBKO MPOTOHOB BXOJHT B COCTAB sAApa 5 X
A. Z b. A. B. A-Z. I A+Z.
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3. Mexy mpoTOHaMH B siJipe IeHCTBYIOT KyJIOHOBCKHE Fk, rpaButannonHsie Fru snepHsie Fg
cuibl. KakoBO COOTHOIIEHHE MEKTY MOJYJISIMHU 3THX CUJI?
A. F;]> FK >> Fr. b. F;] zFK >> F]".
B.Fk>Fg>>Fp I''Fg=Fx = Fp.
4. CpaBHUTE CHUJIBI SIEPHOTO IPUTSHKEHUS MEXAY ABYMs IPOTOHAMHU Fpp, IByMs HeliTpoHamu Fnn, a
TaKKe MEXJly IPOTOHOM U HEUTPOHOM Fpn.
A Fin>Fpn>Fpp . b. Fon = Fpn > Fpp.
B. Fan = Fpn = Fpp. T. Fan< Fon<Fpp.
5. Kakoe cooTHoIIeHNE U3 MPUBEICHHBIX HUXKE CIPABEUIMBO AJIsl MOJIHBIX SHEPTHil CBOOOTHBIX
IPOTOHOB Ep, HEUTPOHOB E\ M aTOMHOTO A11pa £, COCTaBIEHHOIO U3 HUX?
A Ea=Ey,+E\. b. Ea>Ep - En. B. Ea <Ep+ E,.
I'. lns cTabunpHOTO siipa MpaBWIbHBINA OTBET B, aiist pangnoaktuBHOTO b.
6. SlnepHble cuibl 00YCIOBICHB 0OMEHOM HYKJIOHAMH CIIEYIOIIUMU YaCTUIIAMH. ..
. .JJIEKTPOHAMH.
. ¥ -KBaHTaMH.

. .HEUTPHUHO.
. JT -ME30HaMH.

oW e >

Aoepnvie peakyuu.
1. YkaxuTe BTOpOH NPOAYKT SACPHOM peakuuu

Li+ H— jHe +?
A n. b. p. B. ZH. I. JHe.

2. Ilpu ocyiecTBICHUHU AIEPHBIX PEAKIIUM SHEPTHSL. ..

1) ...BBIIETISACTCA.

2) ... morJomaercs.

A. Tombko 1. b. Tonbko 2.

B. MoxeT BBIICIATHCS, MOKET IOIIOMIATHCS.

I'. Beigenenus uin norjoieHus: SHEPTuu MpH AJICPHBIX PEaKIUIX HE TPOUCXOJIUT.

3. [lepByto B Mupe sSIEPHYIO PEAKIUIO C MOTYyYEHHEM HOBOTO AJIeMeHTa moiayuui Pesepdopa:

"IN + 3He — X + |H.
Kaxoit anement nomyumn Pesepdopn?
A.%0. b. JO. B. JF. r.%c
4. IToreHuanbHbIi Oapbep, NPEMATCTBYIOUIMH MPOHUKHOBEHHUIO B SIIPO aTOMa, CYIIECTBYET JAJIA...
1) ...MPpOTOHOB.
2) .. .Q -4aCTHIL.
A. Tombko 1. b. Tonbko 2. B.1u2. I''Hul, au 2.
5. Tlpu GombapaupoBke Gepuiuust , Be ¢ -4acTuiiamu ObUTa MOJTyveHa HOBas yacTua. YTo 910 3a
yactuna’?
A. DIEeKTpOH. b. IIpotoH. B. Heiitpon. I'. Helitpuso.

6. I1pu BBICOKMX TeMIepaTypax BO3MOXEH CUHTE3 JIETKUX SJ€P C BbIIEICHUEM OOJIBIION IHEPTHH.
Tak npu cunTe3e aeiiTepus U TpUTH mosyyaercs reiuii u Beiaensercs W = 17,6 MaB sneprun

H+H - He + W.
Kpowme Toro, BbiAense€TCS 4acTUla, KOTOpast CAYXKHUT MPU3HAKOM TepMosiiepHoi peakuuu. Kakas 3to
yactuna?
A. Heifrpuno. b. Heiitpon. B. [IpoToH. I'. DnexTpoH.
Paouoaxmusnocme.
1. EctrecTBeHHOE /3 -U3JIydeHUE PEICTABISET COOOM MOTOK. .

A. .. .3JEKTPOHOB.
b. ...mpoTOHOB.
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B. .. .sxaep atomoB renusi.
F. .. . KBAHTOB BHCKTpOMaI‘HI/ITHOF (0] I/IBJIy‘IeHI/ISI, I/ICHyCKaeMBIX ATOMHBIMHA H,Z[paMI/I.
2. Kalcoe n3 Tpex THUIIOB €CTCCTBCHHOI'O paI[I/IOaKTI/IBHOI‘O I/ISHy‘IeHI/ISII o, IB , 1IN }/ COCTOUT U3

qacTull C IMOJOXKUTCIIbHBIM 3ap;1110M?

A «a. b. . B. y. I'. Takoro u3ny4eHus HeT.

3. Kakoe u3 Tpex TUIOB U3Iy4YeHUil: a, [, Ui y o0nagaeT HauOoJbIIel IPOHUKAIOLIEH
CIIOCOOHOCTBIO?

A «a. b. B. B. 7.

I'. [Tponukaromas cnocoOHOCTh BCEX YKa3aHHBIX THUIIOB U3JIy4E€HUIN OJIMHAKOBA.
A o
4. DnemeHT , X HcHbITAN @ -pacnaj. Kakoii 3apsia 1 MaccoBoe 4mciIo OyeT y HOBOTO jieMeHTa Y?
A A A-4 A
ALY b.,.Y. B. ;Y. r.,ny.
5. Kakoli BuJ HOHU3UPYIOIINX U3JIyY€HUN U3 IEPEYNCIIEHHBIX HUXKe HanboJiee onaceH npu
BHYTPEHHEM O0JIy4YeHHH OpraHn3Ma deioBeKa’?
A. o -u3nydeHue. b. B -uznyuenue. B. y -uznydenue

I'. Bce u3nydeHuns onacHbl OJJMHAKOBO.
6. Kakas ons painoakTUBHBIX aTOMOB paclafaeTcs Yyepe3 UHTEpBall BpEMEHH, PaBHBIN JBYM
nepuojam rnosiypacrnana?
A.25%.
b. 50%.
B. 75%.
I'. Bce atrombl pacriayTcs.
Aoepnas snepeemuka

1. Kakue BemiecTBa U3 NepeUrCICHHBIX HIXKE MOTYT OBITh HCIIOJI30BAHbI B KAYECTBE
TEIJIOHOCUTENEH?
1) Bona.
2) XKuakuii HaTpH.
A. Tonpko 1. b. Tonbko 2. B.1u?2. I''Hu 1, au 2.
2. Kakue BemiecTBa U3 MEPEYUCICHHBIX HUKE MOTYT OBITh UCIIOJIb30BAHBI B SIIEPHBIX PEAKTOPax B
KauecTBE 3aMeIUTeNIel HEUTPOHOB?

1) I'padur. 2) Kagmuii. 3) Tsokenas Boja. 4) bop.
A.1u3. b.2u4. B.1u2. I.3u4.
3. Jlns mpoTekanus 1enHou siaepHoit peakunu Ha ADC HYKHO, YTOOBI KOG (UIIMEHT pa3MHOKECHHUS
HEUTPOHOB OBLIL...
A. ...paBeH 1. b. .. .Gombe 1. B. ...meHb1E 1.
4. Kputnueckas Macca OnpeIesnsieTcs. .
1) ...TUTIOM SIIEPHOTO TOPIOYETO.
2) .. .3aMeuIUTENEeM HEUTPOHOB.
E A. Tonbko 1.
b. Tonbko 2.
B.1u2.
I'"Hu 1, au 2.

5. Ha rpaduke npejcraBieHa 3aBUCHMOCTb YI€ITBHON SHEPTHH CBS3H ATOMHBIX sIJIEp OT MacCOBOTO
yrcna. [Ipu cuHTe3€ KakuXx siiep, OTMEUEHHBIX Ha KPUBOU, BBIJIEISIETCS HAUOOMbIIIas SHEPTUs Ha
OJIVH HYKJIOH?

A.lu2. b.2u3. B.3u4. T.1u4

6. [Ipu nenenun simpa ypana ocBoOoxkaaeTcst 6ombInas sHeprus. MakcumanbHas 107
0CBOOOXKTAIOIIEHCS SHEPTUH IPUXOIUTCA Ha...

A. .. .PHEPIUI y - KBaHTOB.

b. .. OHCPIruro paItOAKTUBHOTO U3JIYUCHUS.
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B. .. .KMHETHYECKYIO SHEPTUIO0 OCKOJIKOB JICJICHUS.
I'. .. .KMHETHYECKYIO SHEPTHIO CBOOOIHBIX HEUTPOHOB.

OnemenmapHule yacmuywvl. Memoosl ux pecucmpayuu.
1. B KakoM U3 MepevyrcIeHHbIX HIDKE MPHUOOPOB IS PETUCTPALNHU SACPHBIX N3TYYSHUN
UCIIONIB3YETCS CIIE/ U3 Karellb KUAKOCTHU B Ta3e MPH MPOXO0XKICHUH Yepe3 Hero ObICTpoii
3apsKEHHON YacTHUIbI?
A. Cueruuk ['eiirepa. b. Kamepa Buiibcona.
B. Ily3sIppKOBas kamepa. I'. MoHn3anmonHas xamepa.
2. B kakoMm U3 nepevncIeHHbIX HIKE IPUOOPOB sl pEruCTpaIiy SIIEPHBIX U3Ty4eHUN
POXOXKJICHHUE OBICTPOH 3apsIKEHHOM YaCTUIBI BBI3BIBACT MOSBICHUE UMITYJIbCA HIEKTPHUECKOTO
TOKa B rase?

A. Cuetuuk [eifrepa. b. Kamepa Bunbcona.
B. Ily3bippKOBas kamepa. I'. ToncrocnoitHast GOTOIMYIBCHS.
3. Kakast aHeprus BbIAEISETCS IPY aHHUTWIISILIMM AJIEKTPOHA U [TO3UTPOHA?
2
m.C
A. m.c. B. —¢ B. mc?. . 2m.c’.
e 2 e e
4. Ilpu Kakux sSAEpHBIX NpPOIEccax BO3SHUKAET HEUTPUHO?
A. Tlpu « -pacnane. b. Ilpu f -pacnase.

B. Ilpu usnyuenun y -xBantoB. I'. IIpu n100bIX AEPHBIX IPEBPALLICHUSIX.

5. IIpoToH cocTout u3...

A. .. .HEHTpoOHA, O3UTPOHA U HEUTPHUHO.

b. .. .me30HOB.

B. .. .xBapkos.

I'. IIpoTOH HE NMEET COCTAaBHBIX YaCTEH.

6*. Uro O6bL10 10Ka3aHO omnbITaMu J[3BuccoHa u Jxxepmepa?
A. KBaHTOBBIN XapaKTep MOIJIOIIEHNS SHEPIrUU aTOMaMH.
b. KBaHTOBBIN XapaKkTep U3Iy4EHHs SJHEPTUH aTOMaMHU.

B. BosHOBEBIE CBOICTBA CBETA.

I'. BostHOBBIE CBOMCTBA 3JIEKTPOHOB.

KonTpoJs camocTosiTeIbHOMH padoThI

OrneHka pe3yabTaTOB CaMOCTOSITENIbHOW pabOTHI OpPraHU3yeTcs Kak €IUHCTBO ABYX (OpM:
CaMOKOHTPOJIb U KOHTPOJIb CO CTOPOHBI IpenojaBareieid. OleHKa pe3ylbTaTOB CaMOCTOSTEIbHON
paboThl OpraHU3yeTCs CIAEAYIOIMUM 00pa3oM:

o KOHTPOJIbHBIE BOIIPOCHI, 3a/1aBaeMble MPH NMPOBEICHUN MPAKTUUYECKUX 3aHATHUH,

BOTIPOCHI JUISI CAMOKOHTPOJIS;
BOINPOCHI TECTUPOBAHUM;
BBIITOJIHEHHUE JOMAIITHUX pa60T;
BBINOJIHEHUE CAMOCTOSATENBHBIX U KOHTPOJIBHBIX padoT
BOIIPOCHI, BBIHOCUMBIC Ha OK3aMCH.
pedepar ¢ 3neMeHTaMu IPOEKTUPOBAHMS;
TOKJIa/Ibl Ha KOH(EpeHII-HeIeNsX.

OneHka KauecTBa OCBOCHMS JUCUUIUIMHBI IPOU3BOJUTCS IO  pe3ysbTaTaM  CJEAYIOUINX
KOHTPOJIMPYIOIUX MEPONPUSATHUI:

KoHTposupyouue MeponpusiTus Pe3yabTaThl 00y4eHHUsI 10 JUCHHUILIMHE

CaMoOcCTOSTCIIbHEIS paGOTBI Ha TPAKTUYICCKHUX 3HaHUE OCHOBHBIX (I)OpMyHI/IOHpeI[eJlCHI/Iﬁ
3aHATUAX

KouTtponbHble  paboThl Ha  MPAKTHUYECKUX | YMEHHE CaMOCTOSITENIbHO HAXOAWTh PEIICHUE
3aHSTUIX IIOCTaBJIICHHOH 3aJa4u

Yuyactue CTYJACHTOB B HaquOﬁ JAUCKYCCHHU T10 OBJ'Ia)ICHI/IC OIIBITOM aHaJIu3a
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IIOATOTOBJICHHBIM nu HpeIICTaBJIeHHbIM I/IH(l)OpMaL[I/IOHHBIX HCTOYHHUKOB,
npe3eHTaiusIM, peeparaM Bo BpeMsl IIPOBEACHUS | BRICTYIUIGHHI C JOKJIaJaMHd W yd4acTHs B
KOH(epeHII-HEeeNn JTUCKYCCHSIX;

pasacICHUA HAYYHOIO U HCHAaY4YHOI'O 3HAHUA,

BreimonmHenne W 3amuTa MHAMBUAYAIBHBIX | 3HAHWE OCHOBHBIX (DOPMYNI U OMpeeIICHUH.

3a1aHui YMeHHe caMOCTOATENbHO HAXOIUTh pEIICHHE
IIOCTaBJICHHOW 3a7a4u
TectupoBanue 3HaHUE OCHOBHBIX (OPMYNT W ONIpeIeTeHUH.

YMeHne caMOCTOSTEIbHO HaXOIUTh peuicHuc
ITOCTaBJICHHOM 3aJa4dn

KOHTpOIb €O CTOPOHBI NPENOJaBaTeNsl U CAMOKOHTPOJIb OCYILECTBIISETCS B COOTBETCTBUHU C
PEUTUHI-TUIAaHOM AMCLMILIMHBI, BO BpeMs MPAKTUYECKUX U Ja00PAaTOPHBIX 3aHATHUH, KOJJIOKBUYMOB,
3aIUTHI JOMAIIHUX 3aJaHuM.

@®oHn  oueHouHblx MarepuanoB  (DPOM) ans  mpoBeAeHHs  aTTECTAllUd  YPOBHS
c()OPMUPOBAHHOCTH KOMITETCHIIMI OOYYAIOIIUXCS 10 JUCHUIUIMHE O(OpPMIIIETCS OTICIIBHBIM
JIOKYMEHTOM.

6. YYHEBHO-METOANYECKOE U UTHO®POPMAIIMOHHOE OBECIIEYHEHHUE

JUCHUATLINHDBI
6.1. KnuroooecrneueHHOCTh
HanmMeHnoBaHue TuTepaTyphl: aBTOP, Ha3BaHUE, BUJ Ton KHUT'OOBECIIEYHEHHOCTb
W3aHUs], U31aTENbCTBO W3JaHNS

Hanuuue B anekrpornHoM karaiore ObC

OcHOBHas IuTeparypa

1. Huxepos, B. A. ®u3uka 11 By30B: MEXaHUKA H 2019 URL:

MoJiekysipHast ¢pusuka : yueouuk / B. A. Hukepos. - https://znanium.com/catalog/product/109324
Mockaa : 3narenscko-ToproBas kopropauus «/lamkos u 2

K®», 2019. - 136 c. - ISBN 978-5-394-00691-3. - TekcT :

9JIEKTPOHHBIN.

Anpgpeea, H. A. ®u3suka : yacTsb 2. :Kypc gekuwmii / H. A. 2019 URL:

Amngpeesa, C. B. Benokypos, E. B. Kopuaruna. - Boponex https://znanium.com/catalog/product/108619
: Boponexckuit nactutyr ®CHUH Poccun, 2019. - 157 c. - 4

TeKcT : 3JIEKTPOHHBIN.

1. Kyzuenos, C. N. ®usuka. BonnoBas ontuka. KBantoBas 2019 URL:

NPUPO/IA U3TyUeHHUs. DIEMEHThI AaTOMHOU U SACPHOU https://znanium.com/catalog/product/100247
¢uzukn : yaedHoe mocobue / C. . Kysnemnos, A. M. 8

Jlunmep. — 3-e u3x., mepepad. u qor. — Mocksa :
Byzosckwuit yueonnk : UTHOPA-M, 2019. — 212 c. - ISBN
978-5-9558-0350-0. - TekcT : 2MeKTPOHHBIH.

JlononHuTenpHas IuTepaTypa

1. lemumyenko, B. U. ®usnka : yaeonuk / B.W. 2020 URL:
Hemunuenko, U.B. lemunuenko. — 6-€ uzf., mepepad. u https://znanium.com/catalog/product/154196
mor. — Mocksa : THDPA-M, 2021. — 581 c. + Jlom. 3

MaTepHuaisl [ DIeKTPOHHEIA pecypc]. — (Briciee
obpaszosanue: bakanaspuar). - ISBN 978-5-16-010079-1. -
TeKCT : 3JIEKTPOHHBIN.

2. ®uszuka. CoBpeMeHHbIN Kypce [DIeKTpoHHbIN pecypc] : 2014 URL:
Vue6-uuk / B. A. Hukepos. - M.: Tam-xoB u K, 2012. - http://znanium.com/catalog.php?bookinfo=4
452 c. - ISBN 978-5-394-01133-7. 15038
3. ArrommHa, JI. I'. O6mas gusuka: CO. 3amxaq: Yueo. 2008 URL:
nocobue / JL.I'. Antomnna, C.B. ITaBnos, JLA. https://znanium.com/catalog/product/141416

Cxunietposa; ITox pen. b.A. CtpykoBa. - Mocksa :
NH®PA-M, 2008. - 336 c. (Briciiee o6pazosanue). ISBN
5-16-002494-8. - TekcT : 31eKTPOHHBIH. -
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6.2. [lepuoanyeckue U3IaHUA

«3emus u BceneHHas». M.: Hayka;

«ITpupoma» M.: U3n. PAH;

«®u3zuka B mkosie» M.: llIkonpHas npecca;

«Ycnexu pusznuecknx Hayk» M.: U3n. PAH;

«Dusuka» M.: IlepBoe ceHTSIOps

6.3. UuTepHeT-pecypchl

dusuka, XMMHs, MaTeMaTHKa CTyJCHTaM | mkoJasHuKam http://www.ph4s.ru/
dwusuka B anumanusx http://physics.nad.ru/

http://oltest.ru/tests/inzhenernye discipliny/teoreticheskaya mehanika (onnaiin TectupoBa-
HUE)

http://teormex.net/knigi.html (3nexkTpoHHBIC YUEOHUKH U 3aJaYHHKH )

7. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYHEHUE JUCHUIIJIMHBI

I[JI?I pcaimn3anuu IIElHHOfI JUCHUIINIMHBI HWMCIOTCA CICHHUAJIBHBIC IIOMCHICHHUA OJIA
IMPOBCACHU 3aHATUMN JICKOMOHHOI'O THUIIA, 3aHATHMN IMPaKTHYCCKOIo THUIIA, 3aHATUHN na60paT0pHoro
TUIIA, I'PYINIOBBIX W WHAWBHUAYAJIbHBIX KOHCYJIBTaIII/Iﬁ, TCKYHIICI'O KOHTPOJIA U HpOMe)KYTOqHOﬁ
aTTCCTallM1, a TAKXKC IIOMCILICHUA 1A CaMOCTOSITEIbHOM pa6OTbI.

[IpakTuueckue 3aHATUS NpoBoaATca B Ayaut. 121-7, obecrieueHHON acCTpOHOMHUYECKUMHU
HarJsIIHBIMU MaTepuaiamMu (1J100ychl IIaHET U JyHbl, MOJIeNIb HeOeCHO! cepbl, KapThl U aTJIachl
3BE3IHOTO HE0a, aCTPOHOMHYECKHE KaJCHIAapH, TEJUTypHil) U 00OpYyAOBaHUEM (IIOPTATHBHBIN
IUTaHETapuii, TeraecKonbl pedpakTopsl U pedaexTopsl). Ayautopus ocHamena [1K, mynstumenua
IIPOEKTOPOM M UHTEPAKTUBHOM JOCKOM, TOCKOM JJIs TNCbMa U MAPKEPAMH.

HepequL HCIIOJIB3YEMOI'0 JIMICH3UOHHOI'O IMPOrpaMMHOI0 oOecIieueHusI: .HI/II_IGHSI/II/I Ha
Microsoft Windows/Office: Microsoft Open License 49487346.
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Pabouyo nporpammy coctaBun W goueHt kapeapst PMOuMT A.A. Mokposa

Penenzent

(npeacTaBuTeNB paboToaaTeNs) 3aMECTHTEb JHPEKTOpa
MAOQY «COIII Ne 25 r. Bnaaumupa»

Masnuuckas T.1O. W

i
IIporpamma pacemoTpena u ono6pena Ha 3ace/laHuu Kadeapsl OMOuUT
IIporokon Ne 11 ot 30.08.2021 roma -
3aBenyrouwii kapeapoii /[) ({,L 10.10. Enceena

PaGouas nporpamma paccmoTpena i ono6pena Ha 3acelaHHH Y4eOHO-METOMUECKON KOMHCCHH

Hanpasjienns 44.03.05 — [Neparornueckoe 06pazo

IIpotokon Ne 1 ot 31.08 2021 roaa

INpencenarens komucenu (J ApramonoBa M.B.. qupekrop ITU




o1

JIMCT IIEPEYTBEPXJIEHUSA
PABOYEM ITPOI'PAMMBI JTUCHUTIIUHBI

Pabouas nmporpamma ogoOpena Ha 20 /20 y4eOHBIii To/1a

[Tporokon 3acenanwus kKapeapsr Ne oT rojaa

3aBeayromuit kadeapoit

Pabouas nmporpamma ogoOpena ua 20 /20 y4eOHBIii To/1a

[Tporokon 3acenanus kadeapsl Ne oT roja

3aBenyromuit kadeapoit

Pabouas nporpamma ogo0Opena Ha 20 /20 y4eOHBIN roja

[Tporokon 3acenanust kKageapnr Ne OT rojaa

3aBenyromnuii kageapoit

Pabouas mporpamMmma ogoOpena Ha 20 /20 y4eOHBIN Toaa

[Tporokon 3acenanust kKapeapnr Ne OT roaa

3aBenyronmii kKageapoit

JIMCT PETUCTPAIIMA U3MEHEHUM
B pabo4yr0 MporpaMMy JAUCIHITIHHBI
HAUMEHOBAHHUE
00pa30BaTeNbHOM MPOrpaMMBbl HAIIPABIEHUS OATOTOBKH K00 u Haumernosanue OI1, HanpaBIeHHOCTb:

HAUMeHOBaHue (YKa3amo YPOGeHb NOO20MOBKIL)

Howmep BHeceHbI n3MEHEHHUs B YacTH/pa3 iesbl Ucnonuurens OcHoBaHue
U3MEHEHUS paboueil mporpaMmsl 014(0) (HOMeEp | Aara MpoTOKoJIA
3acenanus Kadeapsl)
1
2
3aBenyromuii kageapoit /

Toonuce OUO




