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1. IlepedyeHb MJIaHHpPyeMBbIX pe3yJabTATOB 00y4YeHHs IO JMCHHUILIMHE, COOTHECEHHBIX C
IUIAHUPYEMBIMH pe3y/JIbTaTaAMHU OCBOCHHS 00pa30BaTe/bHON MPOrpaMMBbl.

B pesynbrare ocBoeHust AuCHUIUIMHBI «COBpeMEHHasi KBAHTOBas Jia3epHAasi METPOJIOTHUS
CTYICHTBI-DU3UKH JOJKHBI HMMETh MPEJCTaBICHHE O METOJaX TEOPETHUECKOrO OIMUCaHUSI
B3aUMOJICHCTBUSI ATOMHBIX NEPEXOJOB C MOHOXPOMATHYECKUM JIA3€PHBIM WJIM PaAHMOYaCTOTHBIM
MOJIEM; 3HAaTh OCHOBHBIE METOJIbI BO30OYXKIEHHS aTOMHBIX PE30HAHCOB; 3HATh OCHOBHBIC
¢dusnueckrue (HakTOphl, BIMSIONIME HAa METPOJOTHYECKHE XapaKTEPUCTUKA AaTOMHBIX YacoB
(ToyHOCTH W cTabUIBLHOCTH). B pamkax maHHOrO Kypca u3ydarorcs Meroabl Pabu u PamceeBckoit
CHEKTPOCKOIUHU CBEPXBBICOKOTO paspenieHus, 3Q(GeKT KOrepeHTHOro TUICHEHUSI HACEICHHOCTEH B
OMXPOMATHUYECKOM IOJIE, UCCIEAYIOTCS PAa3IMYHble CUCTEMaTHUYECKHUE CABUTH YacTOTHI YacOBOT'O
nepexoa.

Llenp kypca — oBiaaeHue (U3MYECKUMHU MPUHIUIAMH PabOThl COBPEMEHHBIX CTaHIIAPTOB
4acTOTHl M BPEMEHH; METOJIaMHU pacdeTa CIEKTPOCKONMMYECKUX CUTHAJIOB; METOJAaMH pacyeTa
OCHOBHBIX CHCTEMAaTUYECKUX TOrPEUIHOCTEH NpU H3MEPEHUH YacTOThl; M3YYEHHE HOBBIX
CHEKTPOCKOMUYECKUX METOJOB, MPUMEHIEMBIX B COBPEMEHHBIX aTOMHBIX YacaxX; 03HAKOMIICHHE C
OCHOBHBIMM METOJAMH JIA3€PHOTO OXJIXKICHHUS aTOMOB M HOHOB; O3HAKOMIIEHHE C HOBBIMU

TEHJICHLIUSMU Pa3BUTHUS B COBPEMEHHOM JIA3€PHOU METPOJIOTUH
JlucuuiuinHa HarellieHa Ha (pOpMHUpOBaHUE Y 00ydaromerocs npogeccuoHanbHON KOMIETEHIMH:

Pe3ynbTaThl ocBOGHUS
o0pa3oBarenbHON
POTPaMMBI
(KoMmeTeHInn)

WNHpukatopsl

PesynbraThl 00ydeHus Mo JUCIUTIIIMHE

I1K-1 Criocoben
MCTIOJIb30BATh
CHelHaTu3UPOBaHHbIE
3HaHUs B 00JacTU (PU3UKU
MpH PEeIICHUN
[OCTaBJIEHHBIX 3a/1a4 B
HAaY4YHO-MCCIEN0BATEIbCKON
NesiTeIbHOCTH B
COOTBETCTBHUH C Ipoduiiem
MOJITOTOBKH B 3aBUCUMOCTH
oT crienpUKA 0OHEKTa
MCCIIEIOBaHUS.

I1K 1.1 [Ipumensier
CHelMaTU3UPOBAHHBIE 3HAHUS B
o0nacTu (pU3MKU pU pelIeHuN
KOHKPETHBIX 3a]1a4 B 00JIaCTH
HayYHBIX UCCIICIOBAaHHI B
COOTBETCTBUH C IPOodHiIeM
MOJITOTOBKH B 3aBUCIMOCTH OT
crenndukn oObeKTa
MICCIICJOBAHMS.

I1K 1.2 Beibupaer Haubosnee
h(heKTUBHBIE METOABI PELICHUS
KOHKPETHBIX 33/1a4 B 001acTu
HayYHBIX UCCIICIOBAaHUI B
COOTBETCTBUU C MPOQHIIEM
[OJITOTOBKU B 3aBUCIMOCTH OT
crerupuku 00beKTa
MCCIICIOBaHMUA.

3HATH METOJIBI ¥ CITOCOOBI IIOCTAHOBKHU
U pelieHus 3a1a4 pu3nyecKux
MCCIIEIOBAaHUM B 00JIaCTH COBPEMEHHOM
KBaHTOBOM JIa3€pHON METPOJIOTHH;
MPUHLIMIIBI 1eHCTBUS, QYHKIIMOHATIbHBIE
1 METPOJIOTHUECKUE BO3MOKHOCTH
COBPEMEHHOM annaparypsl Ui
(bu3nUecKux uccienoBaHuil B 0b6aactu
COBPEMEHHOM KBAHTOBOM JIA3€PHOU
METPOJIOTMH; BO3MOXXHOCTH, METOABI
CUCTEMBbI KOMIIBIOTEPHBIX TEXHOJIOTUI
1 PU3NYECKUX TEOPETHUECKUX U
DKCIIEPUMEHTAIbHBIX UCCIEN0BaHNN B
ITaHHOW 00J1aCTH, 00JaCTH TPUMEHEHUH
ATOMHBIX CTaHIapTOB YacTOTHI,
OCHOBHbIE (PU3UYECKHUE TPUHIUITBI
paboThI COBPEMEHHBIX aTOMHBIX YacoB,
Kak B onTHyeckoMm, Tak 1 CBY
muana3oHax, 3HaTb OCHOBHbBIE
CUCTEMAaTUYECKUE CIBUTU U METOMAbI AJIsi
WX MTOAABJICHNUS, 3HaTh OCHOBHBIE
CHEKTPOCKOMUYECKUE METO/BbI,
MCII0JIb3YEMBIE B YJIbTpa-NPEIU3NOHHON
ITa3epHON CIEKTPOCKONUU aTOMOB 1
MOHOB, BKJIIOYasi CIIEKTpocKonuto Padu,
PsMcu CIEKTPOCKOMHS, OCHOBBI TEOPUH

[PC30HAHCOB KOT'CPCHTHOI'O IMJICHCHUS




Pe3ynbTaThl OCBOEHUSA

00pa3oBarenLHON
P NHaukatopsl Pe3ynbraThl 00ydeHHsI O JUCITUTIIIMHE
MIPOTrPaMMBI
(KOMIIETeHIINN )
HACEJIEHHOCTEMN

YmeTb CAMOCTOSATEIILHO CTaBUTh U
pelaTh KOHKPETHbIE (PU3NYECKUE
3a7a4l HAyYHBIX MCCIICIOBAHUM B
00J1aCTH COBPEMEHHOM KBAaHTOBOM
ITa3epHON METPOJIOTUU C
MCIIOJIb30BAHUEM COBPEMEHHOM
arrnaparypbl U KOMIIBIOTEPHBIX
TEXHOJIOTHH, IPUMEHSTh I10Jy4YEHHBIE
3HAHUS [PH PELICHUU 33/1a4 U YTEHUU
OpUTHHAIILHBIX CTaTel B 00JIacTH
COBPEMEHHOM KBAHTOBOM JIA3€PHOU
METPOJIOTHH.

BianeTs HaBBIKAMH ITOCTAHOBKY H
[pEIIeHNs 3a/]a4 HayYHbIX UCCIICIOBAHUIA
B 00J1aCTH COBPEMEHHOI KBaHTOBOM
ma3epHON METPOJIOTHH C TTIOMOIIbIO
COBPEMEHHBIX METOJIOB M CPEJICTB
TEOPETUUYECKUX U IKCIEPUMEHTAIbHBIX
MCCIICIOBAaHMIA, METO/IaMH pacdeTa
CHEKTPOCKOMUYECKOTO CUTHAlIA KaK B
Ciy4ae OJIHOTO MPOOHOT0 UMITYJIhCA
(ciekTpockomnus Pabu), Tak u B cimydae
ITBYX UMITYJIECOB, Pa3/ICIICHHBIX
MHTEPBAJIOM CBOOOTHOM IBOIOINH
(cexTpockonusi Pamcn),
IMUTHAMHYECKOTO IITAPKOBCKOTO C/IBHUTa
AQTOMHBIX YPOBHEM, IMHEHHOTO U
KBaIpaTHYHOTO 3€EMaHOBCKOTO CIIBUTA,
TETUIOBOTO C/IBHTA.

2. MecTO AMCHMILIMHBI B CTPYKTYpe 00pa30BaTe/IbHOM MPOrpaMMbl

HucuunnuHa «CoBpeMeHHAasi KBAHTOBAasl JIa3epHasi MeTPOJIOTHs» peanusyercs B 1 cemectpe
1-ro kypca Ui MarucTpaHTOB, OOydaroUIMXCs MO HampaBieHuto noarotoBku 03.04.02 dusuka.
Kypc saBnsercs onHoil u3 npodecCHOHATBHBIX AUCHUIUIMH M0 BBIOOpY, peain3yeMbIX Kaderpoi
KBaHTOBON DJJIEKTPOHUKHU. M310%keHue Marepuana ONUpPAeTCs HAa 3HAHME CTYIAEHTAMH OCHOB
AJIEKTPOMAarHUTHOM TEOpUU CBETa M KBAHTOBOW MEXaHHKH; OOECHeuMBAETCs JIOTHYECKas CBS3b
JUCHMIUIMHBL ¢  KypcaMu «OCHOBBI KBAaHTOBOW ONTHUKH», <«ATOMHas W MOJIEKYJSpHas
crneKkTpockonus», «JlasepHas cnexkrpockonus», «HennHelHas cnexkrpockonus», «MexaHHM4ecKoe
JEMCTBUE J1a3€pPHOTO M3JIYyYEHHsS Ha arombl», «KBaHTOBbIE CTaHAApTBl YacTOTHI U KBAHTOBBIE
CeHCOpbl Ha 0a3ze  yIbTpaxoJoOAHBIX aToMoB». Kypc  mpenmecTByeT  BBITOJHEHHUIO
KBAJM(HUKAIIMOHHONH paboThl CTyJEHTAa 1O JaHHOM cHenuanu3aliM, TaK Kak JaeT eMmy
HEeOoOXOJIMMbIE 3HAHUS, HAaBBIKM M MPENOCTABISET WHCTPYMEHTHI JUIS BBINOJHEHHS] HAay4HBIX
UCCIIEIOBAaHUM B PaMKax MOATOTOBKHU €T0 KBATU(HUKAIIMOHHON paboTHI.



3. TpynoémMkocTh TUCHUILUIMHBI B 3a4€THBIX eIHHUIIAX C YKA3aHHEM KOJHYeCTBA
aKajgeMMYecKHX YacoB, BblJIeJEHHbIX HA KOHTAKTHYI0 pa6oTy 00y4arouierocs ¢

nmpenogaBaTejieM
Bunb! yueOHbIX 3aHATHIA (B Yacax) IIpoMexyTouHasi aTTecTanus (B Yacax)
KonTakTHas paborta oOydaronmxcst KonraxtHas pabora
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Komnerenmun ITK-1

Peanu3zanus IMCIUILTUHBI IPEyCMaTPUBACT MPAKTHYECKYIO MOATOTOBKY IPH MTPOBEACHUT
CJICTYIOIINX BUIOB 3aHATUHN, TIPEyCMAaTPUBAIOIINX yIaCTHE O0YJIAFOIINXCS B BBITOJIHCHUN
OTJEIBLHBIX AJIEMEHTOB Pa0OT, CBSI3aHHBIX C Oyayliel MpohecCHOHALHON JIEATEIIbHOCTBIO:
JIEKIIUH, IPAKTUYCCKUE 3aHATHUS, CAMOCTOSTEIbHAS paboTa CTYJCHTOB U €€ KOHTPOIIb
MIPEToIaBaTeII MK C TIOMOIIBIO 3aJ]aHUM, SK3aMEH.

[TporpaMMoii TUCIUTUTHHEI IIPEAYCMOTPEHBI CIICTYIOIINE BHJIBI KOHTPOJIS:
Tekyimii KOHTPOJb. KOHTPOJIb TIOCEIICHHS, ONPOC IO NPOWICHHOMY Marepuaiy,
pedepar.
[IpomexyToUHas aTTECTAIUs: — SK3aMEH.
OO0mmast TpyTI0eMKOCTh pabodelt MporpaMMbl TUCITUTUIMHBI COCTABIISET 72 aKaJIeMUYSCKUX
yaca / 2 3a4eTHbIC eUHUIIBL:
e  3aHATHS JIEKIUOHHOTO THMa — 16 Jacos;
® MpakTHYEeCKHUE 3aHATHS —16 9acos,;
® CcaMOCTOsITeNbHAS paboTa 00yJaromerocs B TCUCHUE CEMECTpa, He BKIIFOYAs TIEPHOT
ceccuu — 18 vacos.
® TMPOMEXKYTOYHAs aTrTecTalus (CaMOCTOSITeNlbHAs TMOJATOTOBKA, KOHCYJIbTAIIMS,
9K3aMeH) — 22 Jaca,
OO0BbEéM KOHTAaKTHOM paboThl 00ydaromlerocs ¢ MpernojaaBareiaeM (3aHATHS JIEKIIMOHHOTO
THUIIA, MPAKTUYECKUE 3aHATHUS, KOHCYIbTAIIUU, YK3aMEH) COCTaBIseT 36 YacoB.




4. CopepkaHue JMCHHUILIMHBI, CTPYKTYPHPOBAaHHOE 110 TeMaM (pa3aeiaM) ¢ yKa3aHueM
OTBEJEHHOI0 HA HUX KOJHYECTBA aKAleMHYeCKUX YACOB U BH/A0B Y4eOHbIX 3aHATHI.

Buasbl yuedHoii padoThl, BKIOYAS
CaMOCTOSATEIbHYIO PadoTy
CTYJACHTOB U TPYAOEMKOCTH (B =
g yacax) 53
3 AymuTopHBIE . E :
Ne Paznen § 9achl 2 Z g St
n/n AUCHUIIMHBI = 2 = = %,\ % =
5 = s =El 28
5 | Bcero = 35| 8258| &3
= AR T R R
S £8 8353 ®
S &
1 2 3 4 5 6 7 8
1 (I)YH,I[aME‘,HTaHLHHf/'I Y UHHOBAIIMOHHBIH aCIIEKTHI 1 3 1 1 1
Ja3epHOH METPOJIOTHH.
2 OCHOBBI TEOPHH PE30HAHCHOTO B3aNMO/IEHCTBUS 5 3 6 2 2 2
ATOMOB M MOHOB C DJIEKTPOMArHUTHBIM MOJIEM.
TpaaunroHHBIE METO/IBI BO30YXKICHHS
3  |paaMouYacTOTHOTO PE30HAHCA B PYOHIUCBBIX U 4 3 1 1 1
1IE3UEBBIX CTAHAAPTaX
4 |Ocuogsl Teopun 3¢dexra KITH. 5 3 1 1 1
5 |[lonspusanmonnsiii actiekt 3¢ dexra KITH. 6 3 1 1 1
6 |Onruveckue CTaHAAPTHI YACTOTHI. 7 3 1 1 1
7 MeTo/1p! J1a3epHOr0 OXJIaXKACHHS U 3aXBaTa 8 3 1 1 1
aTOMOB.
CHeKTpOCKONMYECKHE METO/bI, NPHMEHSIEMbIE B
8 |omrmueckux crammaprax s jaetektuposanust| 9-10 6 2 2 2
perepHOro pe3oHaHca.
OnTHuyeckue CTaHAAPTH HOBOT'O MOKOJIEHUS. 11-
9 6 2 2 2
12
10 Mertonsl  BO3OYXKICHHS CHIBHO 3alPEIICHHBIX 13 3 1 1 1
ONTHYECKUX NEPEXOIOB.
OCHOBHBIE ~ CABHI'M YacTOTHl, JIMMHUTHPYIOIIHE
11 |TOYHOCTH M CTAOMIBHOCTH COBPEMEHHBIX aTOMHBIX| 14 3 1 1 1
4acoB
[lepcneKTHBBI pa3BUTHS ONITHYECKUX CTAHAAPTOB 15-
12 8 2 2 4
9aCTOTHI 16
13 |['pymmoBas KOHCYJIbTAIHS 2 2
14 CamocrosiTesnbHas MOATOTOBKA oOOydaromerocs K 18 18
9K3aMEHaM
15 |Dx3ameH 2 2
BCEI'O 72 16 16 18 24

IIporpamma u ocHOBHOe coep kanue Jekuuii (16 yacos)

1. ®dyHaaMeHTAIbHBIH U HHHOBALMOHHBIN acNeKThI Jia3epHoii MmeTposorun. (1 yac)

O630p CYIICCTBYIOIIUX CTAHAAPTOB YaCTOTHI B paIUOIACTOTHOM U ONTUYCCKOM JJHAIIA30HAX.

O0630p HEKOTOPBIX HOBBIX HAIPaBJIE€HUI B COBPEMEHHOM JIa3€pHOI METPOJIOTUU: MUHHATIOPHBIE

ATOMHBIC YaCbl U MAarHUTOMETPBI HaA OCHOBC B(b(pCKTa KOTCPCHTHOTI'O IMIJICHCHUA HaceJIEHHOCTEeM

(KITH); nepBruYHBIE ONITUYECKUE CTAHAPThHI, OCHOBAHHbBIE Ha aTOMAaX, 3aXBaUE€HHBIX B ONTUYECKYIO
pEIIETKY.

nmoJjieM. (2 yaca)

OcHoBbBI TCOPUH PE3OHAHCHOI0 B33HMO}ICﬁCTBI/IH aTOMOB M1 HOHOB € 3JICKTPOMAIrHUTHBIM



10.

VYpaBuenue lllpenunrepa B pe30HaHCHOM MPHUOIMKEHUU U €T0 PEIICHUE B CIydae
MOHOXPOMaTH4€ECKOro noJjsi. Marpuna miotHoctd. CrioHTaHHOE u3inydeHne. HekoTopele OCHOBHBIE
METOABI ITPELU3HUOHHOM JIA3EPHOU CIIEKTPOCKOIIHH.

TpaaunuoHHbIEe METOABI BO30YK/IE€HUA PAMOYACTOTHOIO Pe30HAHCA B PYOUIMEBbIX U
ne3ueBbIX cTanaaprax. (1 yac)

MunuaTiopHble aTOMHBIE Yachl 1 MarHuToMeTpsl Ha ocHoBe KITH. Uncto ontuyeckue MeTos
BO30YKJIEHHsI Y3KOTO paJIi04acTOTHOTIO pe3oHaHca. Ha yeM ocHOoBaHa BO3MOXHOCTb
MuHUaTIOpu3aun? HaydHo-TeXxHu4YecKuii MFHHOBAIlMOHHBIN MOTEHI[MAl MUHUATIOPHBIX aTOMHBIX
9acoOB U MAarHUTOMETPOB. Pa3mnuHbie TUTIBI ABYX-(DOTOHHBIX PE30HAHCOB.

OcHoBbl Teopun 3Pppexra KITH. (1 yac)

[ToHsiTHE «TEMHOT0» COCTOSIHUS IIPU B3aUMOJICHCTBUM aTOMa C PE30HAHCHBIM 3JIEKTPOMArHUTHBIM
nosieM. [IpocTeitimas matemaTudeckas Mozenb npu onucanuu d¢dexra KITH (TpexypoBHeBas [1-
MOJICJIb aTOMHBIX YPOBHEH ).

Hoasipuzanuonnmlii acnekt 3¢ppexra KITH. (1 yac)

VYder BBIpOKICHHS SHEPTETUIECKUX YPOBHEH 10 MPOEKIIUHU YTIIOBOTO MOMEHTa. BrIOOp
ONTUMAJIbHBIX MOJIAPU3ALMOHHBIX cXxeM Bo30yxaeHus KITH-pezonanca.

Onruyeckue cranaapThbl 4acToThl. (1 yac)

CpaBHHTENIBHBIN aHATIN3 XapaKTEPUCTUK YK€ CYIIECCTBYIOUIUX ONTUYECKUX CTaHIAPTOB (CTaHIapThI
Ha OJWHOYHBIX HMOHAaX M Ha aHcamOyie CBOOOAHBIX aTOMOB). MOH-aTOMHOE «COPEBHOBAaHHUEY.
DeMTOCEKYHIHBIA KOMO-TEHEPATOP KaK HEOOXOIMMBIH 3JIEMEHT ONTUYECKUX CTAHIAPTOB YACTOTHI.

MeToabl J1a3epHOT0 OXJIaXK/AeHUs U 3aXxBaTa aToMoB. (1 yac)

MaFHHTO-OHTquCKaﬂ JIOBYIHKa KakK HGO6XOILI/IMBII71 I/IHCprMCHT B COBpeMCHHI)IX CTaHI[apTaX
gacToThl. JIazepHOe oxJaxkIeHne aTOMOB: JIOTUIEPOBCKUI TeMIepaTypHBIN Mpe/el; METObI CyO-
JOTIIEPOBCKOTO OXJIAKIEHUS SISl aTOMOB U HOHOB.

CnekTpocKonmuYecKHe MeTOABbI, MNpPHMeHsieMble B  ONTHYECKHX CTaHAapTax s
AeTeKTHPOBAHMS PellepHOro pe3oHaHca. (2 yaca)

MeTtoa OQUHOYHOIO CBETOBOT'O HUMITYJIbCA (CHCKTpOCKOHI/IH Pa61/1) Meton Pamces B Pa3HCCCHHBIX
IO BpEMCHU CBCTOBBIX UMITYJIbCAX.

OnTnyeckue CTaHIAPTHI HOBOT'O NMOKOJIeHMA. (2 Yaca)

Wnest onTHYeCKON PEIIETKN Ha «MaruuecKoi» JJIMHE BOJIHBI JUUISl CUJIBHO 3alpEIICHHbIX
ONTUYECKUX MEPEXOI0B B IIETOYHO3EMENIBHBIX aTOMAaX (KOMIIEHCAIUs TOJIEBOTO CJIBUTA YACTOThI
nepexoza). 3aueM HyKHbI ONTHYECKHE pelIeTKH (1ojaByieHue 3((HEeKToB OTIauU U IOTIIEPOBCKOTO
C/IBHTa YaCTOTBHI).

MeTtoabl BO30YKAeHHS CHIIbHO 3alPELIeHHbIX ONTHYECKUX nepexonos. (1 yac)

B03MOKHOCTh OJHO(OTOHHON CHEKTPOCKONMH CHIBHO 3allpelieHHoro mepexona ~So—>°Po s
HEYETHBIX (C HEHYJEBBIM CIIMHOM sJIpa) U30TOIOB IIEJIOYHO3EMETbHBIX aTOMOB. METO MarHuTo-
WHIYIUPOBAHHON CHEKTPOCKONMU JJs YEeTHBIX (C HYJEBBIM CHOUHOM S[pa) H30TOINOB
LIEJI0OYHO3EMETIBHBIX aTOMOB.



11.

12.

OcCHOBHBIE CIBMIH YaCTOThl, JUMUTHPYIOIINE TOYHOCTH W CTAOMJIBHOCTH COBPEMEHHBIX
aTOMHBIX 4acoB. (1 yac)

TennoBoM CABHUI, JUHAMUYECKHM INITAPKOBCKUM, 3€EMAHOBCKHE CIBUI'M B MAarHUTHOM IIOJIE,
KBaPYIOJIbHBIC CABUTH (111 HOHOB B JIOBYIIKE). O030p HEKOTOPHIX METOJ0B, MUHIMHU3HUPYIOIITUX
9THU CIBUTH.

IlepcnieKTUBBI PA3BUTHA ONTHYECKUX CTAHJAPTOB YaCTOTHI. (2 Yaca)

HOTCHI_[I/I&]'IBHO AOCTHXXUMBIC MCETPOJIOTMYCCKHUE XapPaKTECPHUCTHUKU OITHYECKHUX CTaHAapTOB,
OCHOBAHHBIX Ha aTOMax B PCIICTKE, U OJJUHOYHBIX HOHOB B JIOBYIIKC. Pa3pa60TKa MPUHIHUITNAJIBHO
HOBBIX BAapUAHTOB IICPBUYHBIX OITHYCCKUX CTAHAApPTOB. I/IHHOBaHI/IOHHHC IIPUMEHCHUA
OINITUYCCKUX CTAHAAPTOB YaCTOTHI B HAYKE N TCXHHUKE.

IIporpamma npakTnyeckux 3ansaTuii (16 yacos)

1. [lepBuyHBIEC ONITUYECKHUE CTAHIAPThI, OCHOBAaHHBIE HA aTOMaX, 3aXBAYCHHBIX B ONTHYECKYIO
peuietky. (1 yac)

2. OCHOBHBIE METOIBI TPEIIM3UOHHOM JIA3ePHOU CIIEKTPOCKOINH (2 yaca)

3. [Ipocreiimas MmatemaTudeckast Mmoaens npu onucanuu 3 dexra KITH (TpexypoBHeBas [J-moznens
aToMHBIX ypoBHeH) (1 4ac)

4. PacueT onTUMAalIbHBIX MOJSPU3AMOHHBIX cxeM Bo30ykaeHust KITH-pe3onanca (2 yac)

5. DeMTOCEeKYHIIHBII KOMO-T€HEpaTop Kak HEOOXOIMMBINH JJIEMEHT ONTUYECKHX CTaHIapTOB
4acToThl, erorcocrapistomue (1 yac)

6. JIazepHOE OXJIAXKIACHUE aTOMOB: JOIJICPOBCKHUNA TEMIIEPATYPHBIH MPEAeIT; METOIbI Cy0-
JOTIIIEPOBCKOTO OXJIaXKIEHUS 17151 aTOMOB M HOHOB (1 uac)

7. MeTo 1 OTMHOYHOTO CBETOBOTO MMITYJIbca (criekTpockonusi Padbu). Merox Pamcest B
pa3HeCeHHBIX M0 BPEMEHH CBETOBBIX UMIYJbcax (2 yaca)

8. HeoO6x0mmMOCTh ONTHYECKMX PEHIeTOK (MmoaBieHne 3(ppeKToB oTaauu U JOTUIEPOBCKOTO CIBUTA
4acToThl) (2 yaca)

9. MeTo MarHMTO-WHIYIIUPOBAHHOW CHEKTPOCKONHUU JIJISi YETHBIX (C HYJIEBBIM CITMHOM sIIpa)
M30TOIOB IIEIOYHO3EMENBHBIX aTOMOB (1 4yac)

10. O630p HEKOTOPHIX METOI0B, MUHUMHU3UPYIOIIUX T cABUTH (1 yac)

11. Pa3paboTka MpUHIUIIHAILHO HOBBIX BAPUAHTOB MEPBUYHBIX ONTHUYECKUX CTAaHIApTOB (2 yac)

CamocrosiTeibHast pa6oTa cryaeHToB (36 4acoB)

[lepeuens 3anstuii Ha CPC O6bewM, uac
N3yuenne marepuana JeKuun 6
N3yueHne TeopeTHueckoro Marepraa, He OCBEL[aeMOT0 Ha JIEKLIUAX 6
[MoxroroBka pedepara 6
[ToaroroBka k 3K3aMeHy 18

5. IlepeueHb y4yeOHOI IUTEPATYPBI.

1. ®. Pune, CraHmapThl 9acTOTHI: MPUHIUIBI U TpWIoKeHUs, Paznensr 6.3 «OxmaxacHue,
6.4 «AtomHble JoBymkn», 10.1 «IIpuHOMD JelCTBHS HMOHHBIX JOBymek», 10.2
«IIpakTnyeckas peanns3anuss WOHHBIX JIOBymIeK», 10.3 «oHHBIE CTaHAAPTHI YaCTOTHI

MHUKPOBOJIHOBOTO U ONTHYECKOTO AUAIa3oHoB», 14.2 «Hossle npuHIMnb), M.: ®usmatiur,
2009, ISBN 978-5-9221-1096-9 (1 7k3.)




10.

11.

12.

13.

IlepeyeHb y4ueOHO-MeTOANYECKUX MATEPHAJIOB 10 CAMOCTOSITE/ILHOM padoTe
00y4arouuxcs.

Derevianko A., Katori H., Physics of optical lattice clocks // Rev. Mod. Phys. V.83, P.331-
347 (2011).

Yudin V.1, Taichenachev A.V., et al., Atomic Clocks with Suppressed Blackbody Radiation
Shift // Phys. Rev. Lett. V.107, 030801 (2011).

Akatsuka T., Takamoto M., Katori H., Optical lattice clocks with non-interacting bosons
and fermions // Nature Physics, V.4, P.954-959 (2008).

Vanier J., Mandache C., The passive optically pumped Rb frequency standard: the laser
approach // Appl.Phys. B V.87, P.565-593 (2007).

Hinkley N., et al., An Atomic Clock with 10728 Instability // Science V.341, P.1215-1218
(2013).

. Chou C.W., Hume D.B., Rosenband T., Wineland D.J., Optical Clocks and Relativity //

Science V.329, P.1630-1633 (2010).

Schmidt P.O., et al., Spectroscopy Using Quantum Logic // Science V.309, P.749-752
(2005).

Taichenachev A.V., Yudin V.1, et al., Magnetic field-induced spectroscopy of forbidden
optical transitions with application to lattice-based optical atomic clocks // Phys. Rev. Lett.
V.96, 083001 (2006).

Chou C.W., et al., Frequency Comparison of Two High-Accuracy Al* Optical Clocks //
Phys. Rev. Lett. V.104, 070802 (2010).

Yudin V.I., Taichenachev A.V., et al., Hyper-Ramsey Spectroscopy of Optical Clock
Transitions // Phys. Rev. A V.82, 011804(R) (2010).

Martin M.J., et al., A Quantum Many-Body Spin System in an Optical Lattice Clock //
Science V.341, P.632-636 (2013).

Yudin V.1, Taichenachev A.V., et al., Vector magnetometry based on electromagnetically
induced transparency in linearly polarized light // Phys. Rev. A V.82, 033807 (2010).

Ilepedyens pecypcoB HHGPOPMALMOHHO-TEIEKOMMYHUKAUMOHHOU ceTH «HTEepHEeT,
HEOOXOAUMBIX /1J151 OCBOEHHS 1M CHUILIUHBI.

J171st OCBOCHUS TUCIUIUIMHBI UCTIONIB3YIOTCS CIEYIONINE PECYPCHI:

- 3JeKTpoHHas uHpopMaImoHHo-o0pazoBaTenbHas cpena HI'Y (O1UOC);
- 00pa3zoBaTeNbHBIE HHTEPHET-TIOPTATIBI:

- HH(OPMALIMOHHO-TEIEKOMMYHUKAIIMOHHAS ceTh VIHTepHeT.

7.1 CoBpemeHHbIe NpodeccHOHATbHBIE 0a3bl JTAHHBIX

WnuTepHet pecypcebl ctateit s pedepupoBaHus:
https://journals.aps.org/about, https://www.springer.com/journal

7.2. UndopManiuoHHbIE CTIPABOYHbIE CHCTEMBI

He ucnonb3yrores.


http://www.sciencemag.org/search?author1=C.+W.+Chou&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=D.+B.+Hume&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=T.+Rosenband&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=D.+J.+Wineland&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=P.+O.+Schmidt&sortspec=date&submit=Submit
https://journals.aps.org/about
https://www.springer.com/journal

8. IlepeyeHb HHGOPMANMOHHBIX TEXHOJIOTHH, HCIOJIb3yeMbIX MPH OCYIIECTBJIEHUH
o0pa3oBaTeIbHOIO MpoLecca Mo JHCUHUILIMHE.

Jist obecriedeHus pean3aliy TUCIUTUIMHEI HCIIOJIb3YeTCsl CTAHIAPTHBIN KOMILICKT
nporpammuoro obecrieuenus (I110), Bkirogaronuii peryaspHo oOHOBIsIeMoe uiieH3noHHoe [10
Windows u MSOffice.

Hcnonp3oBaHue CHEIUATM3UPOBAHHOIO MPOTPAMMHOTO oOecredyeHus JUIsl  HU3ydeHUus
JTUCIUIUIAHBI HE TpeOyeTcsl.

9. MarepuajibHO-TeXHUYecKasi 6a3a, HeoOXoAUMAst IJIsl OCYIIeCTBICHHS
00pa3oBaTe/ILHOIO NMPoIecca MO0 JMCUHUILIHHE.

Jliia peanuzanuy JUCHUILTMHBI UCIIOIB3YIOTCS CIeIIHAlbHbIE TOMEIICHUS:

1. Y4eOHble aynuTopuu 1Jis IPOBEAEHUS 3aHATUH JIEKIIMOHHOTO TUIIA, IPAKTUYECKUX
3aHATUNA, KypCOBOTO MPOCKTHUPOBAHUS (BBIIIOIHEHHUS KYPCOBBIX padoT), TPYIIOBBIX U
MHIUBUAYAJIbHBIX KOHCYJbTALUH, TEKYIIETO KOHTPOJIS, IPOMEKYTOUHON U UTOIOBOM aTTeCTalluu.

2. [lomemienus A CaMOCTOSTENIbHON pabOThl 00YJarOIIHUXCSI.

VY4eOHbIE ayIUTOPHH YKOMIUIEKTOBAHBI CIICIUATU3NPOBAHHON MEOENbI0 M TEXHUYECKHMU
CpeacTBaMH OOy4YeHUs, CIyKallUMH JJs TpeACTaBlieHus ydeOHoW uHGOpManuu OOJbIIoi
ayJIUTOPHH.

[Tomemienuss uisi CaMOCTOSITENFHOM pabOThl OO0Yy4YalOUIMXCA OCHAIIEHbl KOMIBIOTEPHOU
TEXHUKOW C BO3MOXKHOCTBIO TONKIIOUYeHHS K ceth "MHTepHET" W oOecreueHueM JOCTyrla B
ANEKTPOHHYIO HH(OPMAaLIMOHHO-00pa3oBaTenbHyto cpeay HI'Y.

MartepuanbHO-TEXHUUYECKOE OOecrieueHrne 00pa3oBaTeIbHOIO Mpoliecca M0 AUCHUIIINHE AJIs
oOydaroluxcsi U3 4YHUCla JIMI C OrPAaHUYCHHBIMH BO3MOXKHOCTSMH 3/I0POBbSI OCYILECTBISETCS
cormacHo «llopsaky opraHu3anii M OCYIIECTBICHHS OOpa30BaTENbHON JESITEIBHOCTH II0
o0pa3oBaTeNnpbHBIM MpOrpaMMaM JJisi MHBAJIUJOB W JIMI C OTPAaHUYEHHBIMH BO3MOXXHOCTSIMHU
310poBbsi B HoBOCHOMPCKOM rocy1apCTBEHHOM YHUBEPCUTETE.

10. OneHouHbIe cpeACTBa IS MPOBeIeHUS TEKYIIero KOHTPOJIsI H POMeKYTOYHOIH
aTTecTalMu 10 M CUMILIMHE.

10.1 Ilopsnok mpoBeaeHHMs TEKYLIEro KOHTPOJIS M NPOMEKYTOYHOH aTTecTaliu I0
AUCHUILINHE

Texywuit Konmpono
Texymuil KOHTPOJIb OCYILIECTBIISIETCS B XOA€ CEMECTpa IIyTeM KOHTPOJIS TOCEIICHUS JIEKIIMOHHBIX
U TPAKTHYECKUX 3aHATUM, ONMPOCOM B Hayalle KaXJOW JIEKIMM U TMPAKTHUYECKOTO 3aHSITHUS IO
npoiieHHoMy Marepuany. CTyaeHTaM HeoOXOJIUMO IMOATOTOBUTH (M TPEACTaBUTH) pedepaT Mo
MaTepuagaM HayqHOH JINTEepaTyphl B 00IaCTH COBPEMEHHOW KBAaHTOBOM J1a3epHOI METPOJIOTHH.

Ilpomescymounas ammecmavyusn

OcBoeHME KOMIETEHIIMI OLIEHUBAETCS COIJIACHO IIKajie OIEHKU YPOBHSA C(HOPMUPOBAHHOCTH
komrnereHuu. [lonoxuTenbHas OIEHKA MO AWCIHUIUIMHE BBICTABISETCS B TOM Ciy4yae, €CIHu
3asBiaeHHas kommetreHius I[IK-1 cdopmupoBana He HUIXKE TMOPOTOBOTO YPOBHS B YacTH,
OTHOCsIIENCS K (OPMUPOBAHHUIO CIIOCOOHOCTH HWCIIONB30BaTh CIEIUATU3UPOBAHHBIC 3HAHUS B
PO eCCHOHAIBHON e TETHHOCTH.

OxoHuarenbHas OlleHKa paboThl CTyJeHTa B TEUEHHE CeMecTpa MPOHMCXOIUT Ha DK3aMEHE.
DK3aMeH MPOBOJAUTCS B KOHIIE CEMECTpa B dK3aMEHAIIMOHHYIO CECCUIO B YCTHOU (hopme.

BriBon 00 ypoBHE Cc(HOpPMHPOBAHHOCTH KOMIIETEHIIMH NPUHUMAETCS MPernojaBaTeieM.
Kaxxnprit Boripoc 6mtera onenuBaetcst ot 0 1o 5 6ayutoB. [lonokuTenpHas OlEHKA CTaBUTCS, KOT/Ia



BCE KOMIIETEHLIMM OCBOCHBI HE HHUXE IOPOroBOTO YPOBHS. OLIEHKH «OTIUYHO», «XOPOIIO»,
«yIOBJIETBOPUTEIILHO» 03HAYAIOT YCIEIIHOE MPOXO0XKIEHUE MPOMEKYTOYHON aTTECTALIUHU.

CooTBeTCTBHE HHAUKATOPOB A PE3yJIbTATOB OCBOCHUA JUCHUIIJIMHBI

Taomuua 10.1

Nuauxkarop

Pe3yJ'I]>TaT Oﬁy‘leHI/IH o JTUMCHMIIJIMHE

OneHOYHBIE CPe/ICTBA

IIK 1.1 IIpumenser
CHeIHaTU3UPOBAHHbBIE
3HaHUS B 00JaCTH
(U3UKY IPU pelIeHUH
KOHKPETHBIX 3a/1a4 B
00J1acTH HAayYHBIX
HCCIIE0BAHUM B
COOTBETCTBHH C
npoduIIeM MOArOTOBKU
B 3aBHCHMOCTH OT
cnenuduku o0beKTa
UCCIIeTOBaHUS.

IIK 1.2 Bribupaer
HauboJee

3¢ (heKTHUBHBIE METOBI
pelIeHNs KOHKPETHBIX
3a/1a4 B 0051acTH
HAyYHBIX
HUCCIeJ0BaHUN B
COOTBETCTBUH C
npoduiemM moaroToBKU
B 3aBHCHMOCTH OT
cenuguKd o0beKTa
WCCIICTOBAHMUS.

3HaTh MCTOJIBI M CIIOCOOBI ITOCTAHOBKH U
penieHus 3a1a4 GU3HIECKUX UCCIIECOBaHUH B
00JacTi COBPEMEHHOM KBaHTOBOM J1a3epHOI
METPOJIOTUH; PUHIIUIIBI ICUCTBUS,
(YHKIIMOHAJBHBIE B METPOJIOTHYCCKHE
BO3MO>KHOCTH COBPEMEHHOM arrapaTypsl 17
(bU3UYECKUX HCCIICIOBAaHUN B 00J1aCTH
COBPEMEHHOM KBAHTOBOM JIA3€PHOM METPOJIOTUH;
BO3MO>KHOCTH, METOJbI X1 CHCTEMBbI
KOMITBIOTEPHBIX TEXHOJIOTUHM TSI PU3UUECKHUX
TEOPETUUYECKUX U IKCIIEPUMEHTAIIbHBIX
HCCIICAOBAHUI B JaHHOM 00JI1acTH, 001aCTH
MIPUMEHEHUN aTOMHBIX CTaH/IAPTOB YaCTOTHI,
OCHOBHBIE (PH3UUECKUE IPHUHIUIIBI PAOOTHI
COBpPEMEHHBIX aTOMHBIX YaCcOB, KaK B
ontrdeckoM, Tak 1 CBY nmamna3onax, 3HaTh
OCHOBHEBIC CHCTEMAaTUYECKUE CIBUTH M METOIbI
JUUISL X TIOJaBJICHHS, 3HaTh OCHOBHBIC
CIIEKTPOCKOIIUYECKHE METO/IbI, UCIIOIb3YEMBIE B
YIbTpa-IPEUU3NOHHOM Ja3epHOU
CIIEKTPOCKOIIUU aTOMOB ¥ MIOHOB, BKJIHOYast
criekTpockonuto Pabu, Pamcu criektpockomnus,
OCHOBBI TEOPHH PE30HAHCOB KOTEPEHTHOTO
TJICHEHUS HaCeJIeHHOCTEH

YMmeTb CAMOCTOSITENIBHO CTABUTH U PEIIATh
KOHKpPETHBIE (PU3UUECKUE 3a/1a4l HAyYHBIX
HCCJIEIOBaHHM B 00JIaCTH COBPEMEHHOMN
KBaHTOBOM JIA3€pHON METPOJIOTHH C
HCIIOJIb30BAHUEM COBPEMEHHOM amaparypsl U
KOMIBIOTEPHBIX TEXHOJIOTHM, TPUMEHSTH
MIOJIyYECHHBIE 3HAHUS IIPU PELIEHUHN 3a0a4 U
YTEHUU OPUTHUHAJBHBIX CTaTeH B 00JaCTH
COBPEMEHHOM KBAaHTOBOM JIA3€PHOU METPOJIOTUU.

BaageTs HaBbIKaMU OCTAHOBKU M PEIICHUS
3aJa4 Hay4HbIX HCCIIeI0BaHUN B 00JIaCTH
COBPEMEHHOM KBAHTOBOM JIA3€PHOM METPOJIOTHU
C TIOMOIIIBIO COBPEMEHHBIX METO/I0B U CPEZCTB
TEOPETUYECKHUX U IKCIIEPUMEHTAIbHBIX
UCCIJIEOBaHMM, METOJIaMU pacyeTa
CIEKTPOCKOINYECKOTO CUTHAJIA KaK B CIIy4ae
OJTHOTO TPOOHOTO UMITYJIbCA (CTIEKTPOCKOMHS
Pabmu), Tak u B ciiydae ABYX UMITYJIbCOB,
pa3/ieJIeHHbIX HHTEPBAJIOM CBOOOTHOM
sBOIONNH (ceKkTpockonust Pamcn),

Omnpoc B Hauazne Kaxaou

neKuu, pedepart, IK3aMeH.




JUHAMHYECKOIO IITAPKOBCKOTO CIABUIa aTOMHBIX
YPOBHEM, IMHEWHOIO U KBaJAPaTUYHOTO
3€€MaHOBCKOI'0 CIIBUTa, TEIJIOBOIO CABUIA.

10.2 Onucanue KPUTEPUEB U MIKAJ OLIEHUBAHUS HHAUKATOPOB JOCTHKEHUs Pe3yJIbTAaTOB
o0yuenusi mo qucuuinne «CoBpeMeHHasi KBAHTOBAs Jia3epHAasi METPOJIOTHS.
Taoauua 10.2

Kpurepu Tnanpyembie YpoBeHb 0CBOEHHS KOMIIETECHIIUU
" pe3ynbTaThl 00y4eHHs
OIIeHUBA
(mokazarenu N . .

HUA P He IToporossrit ba3zoBrlii IIponBuHYTHIHM
pe3yibTa A — chopMHUpOBaH YpOBEHb YPOBEHb YPOBEHb

TOB (0 6ayoB) (3 6amna) (4 6amna) (5 6anmoB)
oByucHu OCBOCHNA _

4 KOMITETCHITHI )

1 2 3 4 5 6
YpoBeHb MuHuManbHO | YpOBEHb 3HaHUU YpoBeHb 3HaHUI
3HaHMH HIDKE JIOITYCTHMBIH COOTBETCTBYET COOTBETCTBYET
MUHHMAaJIbHBIX YpOBEHb IporpaMme IporpamMme
TpeOOBaHUIA. 3HAHUU. IOJATOTOBKH I10 IIOJATOTOBKH 110
HmeroT mecTo Jlomyckaetcst | Temam/paszenam TeMam/pasaenam

Momxora rpyoObie 3HAYUTENbHOE | TUCHUIUINHBL JUCTUTUIAHBL.
— K 1.1 OIIKOKH. KOJINYECTBO Honyckaercs CB00OOIHO 1
HerpyOBIX HECKOJIBKO apryMEHTHPOBaHH
OIIHNOOK. HETpYOBbIX/ 0 OTBEYAeT Ha
HECYIIECTBEHHBIX JIOTIOTHUTENbHBIC
ommbok. He BOIIPOCHI.
OTBEYACT Ha
JIOTIOJTHUTENbHBIC
BOTIPOCHI.
OrtcyTcTBUE [Ipopemonctp | IIponemonctpupos | IlpoaemoncTpupo
MUHHMAaJIBHBIX HPOBAHbI aHBI BCE OCHOBHBIC | BaHBI BCE
YMEHUM. YaCTUYHO ymeHus. Pemensl OCHOBHBIE
He ymeer OCHOBHBIE BCE OCHOBHBIE yMeHus. PemieHst
Hamrawe | TIK 1.2 pemaThb YMEHHS. 3aaHuA C BCE OCHOBHBIE
- CTaHJapTHHIE Pemensr HETpYyOBIMHI 3aaHuA B
3aga4d. MIMeror | THMOBbIC OIMOKaMU MJIH C TIOJTHOM 00BeMe
MecTo TpyOble 3a7a4H. HeJl0YeTaMu. 0e3 HeJI04eTOB U
OIINOKH. JorrytmeHst OIINOOK.
HEerpyOBIe
OIIMOKH.
OtcyTcTBUE Nwmeercs Nmeetcs 6a30BbIi Nmeetcst 6a30BbIi
BIIaJICHUS MUHHMaJIbHBI | HaOOp HaBBIKOB HabOp HaBBIKOB
MaTepHajioM o | i Habop IIPU peIIeHUH IIPU PEIIeHUN
Hanmane Temam/pasjiesa | HaBBIKOB IPU | CTAHJApPTHBIX 33Ja4 | CTAHJAPTHBIX
HABBIKOB M JUCIUIINHBL. | PELICHUH C HEKOTOPBIMH 3a1a4 6e3
(BaeHn TIK 1.2 Hert HaBBIKOB B CTaHJapPTHBIX HEJI0UYETaMH. OIIMOO0K 1
. pemeHnH 3a/1a4 ¢ HE/I0YETOB.
onbITOM) CTaH/IapTHBIX HEKOTOPBIMU IIponemoncTpUpO
3agau. Hanuume | Hemoueramu. BaHbI 3HAHUS 110
rpyOBIX peIIeHU0
OIIHNOOK. HEeCTaHJapTHBIX

3a1a4.




10.3 TunoBbie KOHTPOJIbHBbIE 32JaHUSI U MATEPUAJIbI, HEOOX0IMMBIE /IJIAl OLIEHKH
pe3yJbTaToB 00yYeHust

IIpumepsl TeM pedepaToB

1. Onrtuueckue cTanapThl YaCTOTH HA MOHAX, 3aXBAYEHHBIX B JIOBYIIKY [layss.

2. OnTuyeckue CTaHIApThl YacTOTHl Ha HEHTpPaldbHBIX aTOMax, 3aXBAaYCHHBIX B ONTHUYECKYIO
pELIETKY Ha Marn4eCKOu JITTMHE BOJIHBL.

3. MeTo/p1 o1aBNeHUS MOJIEBOTO CABUTA JUISl ONTUYECKUX CTaH/IaPTOB YacTOTHI.

IK3aMEeHALUOHHBIE ONJIeThI

buner Nel
1. Yro Ttakoe craHaapThl 4aCTOThI U BpeMeHH? O01acTh UX MPUMEHEHUS.
2. ATomHast MaTpuLa MJIOTHOCTH, YYET peslakCallMOHHBIX ITPOLECCOB (CIIOHTAaHHOE U3ITyYEHHUE).

buner Ne2

OCHOBHBIE METPOJIOTUYECKUE XaPAKTEPUCTUKH CTaHIAPTOB YACTOTHI (TOUHOCTh U CTAOMIIBHOCTB ),
WX ONpPEIETICHUE U CMBICI.

DddexT korepertHoro TIeHeHUs HaceneHHocTel (KITH) B OuxpomaTrdeckoM moJie Jiis
A—cucremsl.

buner Ne3

1. TlepBuyHBIC U BTOPUYHBIC CTAHIAPTHI, UX B3aUMOCBS3b.

2. Ilonsipu3allMOHHBIN aCeKT B3aUMOJACHCTBUSI AaTOMOB C MOJIEM: TOJIAPU3AIUs HIEKTPOMATHUTHON
BOJIHBI, MArHUTHBIE MO yPOBHU aTOMHBIX COCTOSIHUH.

buner Ne4
1. ®yngameHTanbHBINM 1 THHOBAIIMOHHBIN aCMEKTHI JTa3€PHON METPOIIOTHUH.
2. Paznuynbie MOsIpU3aIMOHHBIE CXEMBI BO30YX)aeHus pe3onancoB KITH.

bunet Neo5

1. IlepBUYHBII cTaHIAPT YaCTOTHI, OCHOBAHHBIN Ha 11€3MeBOM (DOHTAHE.

2. YpaBuenue llpenunrepa aist AByXypoBHEBOTO aTOMa B PE30HAHCHOM MPUOTUKEHUHU U €T0
pELIeHHUE B CIIy4ae B3aUMOJIEUCTBHUS C MOHOXPOMATUUYECKUM MOJIEM.

buner Ne6

1. ITIpuHtmn paboThl COBpEMEHHBIX CTaHAapToB yacToTel B CBY auamnasone.

2. BeIpaskeHue 1515 3JIEMEHTOB CTallMOHAPHOW MaTPUIIbI IUIOTHOCTH C YY€TOM CIIOHTaHHOMU
penakcanny JUisl IByXypOBHEBOTO aTOMa, B3aUMOICHCTBYIOIIETO C MOHOXPOMATHYECKUM TOJIEM.

buner Ne7

1. ATomuble yackl Ha ocHOBe ¢ dekra KITH. Bo3aM0oKHOCTS MX MUHUATIOPU3AIIH.

2. Pe3onaHcHas ¢popMa JIMHUU TIOCTIE B3aUMOJIEUCTBUS C IBYMS JIEKTPOMArHUTHBIMU
UMITyTBCaMU, Pa3eIeHHBIMI HHTEPBAIIOM CBOOOIHOM 3BOJIOIUH aToMa (criekTpockomnus Pamcn).

buner Ne§
1. ATOMHBII MarHUTOMETP Ha OCHOBe pe3oHaHcoB KITH.
2. NomuiepoBckuit 3¢pext u ero BIUsHUE HA PE30HAHCHYIO (OPMY JIMHUHM B aTOMAapHOM Trase.



buner Ne9

OnTHdeckne CTaHAAPTHI YACTOTHL. B 4eM WX OCHOBHBIC MTPEHMYIIIECTBA 10 CPABHEHUIO
co crangapramu B CBY nuanazone?

Pe3onancHas ¢popma JIMHUY TIOCTIE B3aUMOJICHCTBUS C OJHUM JIEKTPOMArHUTHBIM
HUMITYJIBCOM (CIieKTpockonus Paon).

buner Nel0

1. ®demMTOCEKyHIHBIH KOMO-TeHEpaTOp Kak HEOOXOJMMBIM 3JIEMEHT ONTUYECKHX CTaHIapTOB
4aCTOTBI.

2. MeToJ1 MarHUTO-UHIyLIUPOBAHHON CIIEKTPOCKOIUU JIJIsl CUJIbBHO-3AIPELIEHHBIX I1EPEXOI0B.

buier Nell

1. CranmapThl 4YacTOThl HAa OJWHOYHBIX HOHAX, 3aXBAadCHHBIX JIOBYIIKY. [IpenmyriectBa u

HEIOCTATKU.

2. TemnoBoii caBur. MeToapl MUHUMA3ALIMHI, €M0 BIMSHHUSA Ha TOYHOCTD M CTA0OMJIBHOCTh QTOMHBIX
CTaHJapPTOB YaCTOTHI.

buner Nel2

1. Ontuueckue cTaHIapThl HA aTOMaX, 3aXBAYCHHBIX B ONTHYECKYIO PEIIETKY Ha «Maru4ecKomy
JUIMHE BOJIHBI.

2. Merox  MOAMQPUIIMPOBAHHOW  pPaMCECBCKOH  CHEKTPOCKONMUHU  (THUIIEp-paMceeBCKas

CHEKTPOCKOMUS).

buner Nel3

1. OnTuyeckue craHaapThl, HA CBOOOIHBIX aTOMAX.

2. IToneBble CABUTH YaCTOTHI (AMHAMUYECKUH IITAPKOBCKUI CIIBUT, 3¢€MaHOBCKHE JTMHEHHBIN
Y KBaJpAaTUYHBIN CABUTN).

buner Nel4
1. HoBble uaen B ma3epHON METPOJIOTHH (ONTUYECKUE YaChl HA STEPHBIX MEepexoaax 1
Ha Mepexo/iaX B CHIIBHO 3apsKEHHBIX HOHAX ).
2. OCHOBHBIE METO/IbI JTA3EPHOTO OXJIAKICHHS U 3aXBaTa aTOMOB, UCIIOJIb3yEeMbIE B
COBPEMEHHBIX CTaHJAPTaX YacTOTHI.

buner Nel5

BaxkHocTbh co37aHMS BBICOKOTIPELIM3UOHHBIX CTAaHIAPTOB YaCTOTHI /111 HABUTALIMOHHBIX
(TJIOHACC, GPS u np.) n nHQOPMAITMOHHBIX CUCTEM.

YucTo onTHYecKre METO/Ibl BO30YXk/IeHHE PE30HAHCOB B PAJIMOYACTOTHOM JHara3oHe
(1ByX(OTOHHBIE PE30HAHCHI).

OneHouHble MaTepUaibl M0 NPOMEKYTOUYHOW aTTECTALlMM, NMPENHA3HAYEHHBIE Ui NIPOBEPKU
COOTBETCTBHS YPOBHS MOATOTOBKH Mo AucuurinHe TpeboBanusm CYOC, xpanarca Ha xadeape-
paspaborturke PII/] B meyaTHOM M 3JI€KTPOHHOM BUJIE



JIner akryanusauuu GoHAA OLEHOYHBIX CPEACTB
1o qucuuiiuHe «CoBpeMeHHasi KBAHTOBasl JIa3epHasi METPOJIOTHsD)
no HanpasJjeHno noaroroBku 03.04.02 ®usuka
Ipopuab «O0mas u pynaamMeHTagabHass GU3NKA)

Jara u Ne
IIPOTOKOJIa YYEHOrO
coera @O HI'Y

Ilonmnuce
OTBETCTBEHHOI'O

XapakTepucTHKa BHECEHHBIX
M3MEHEHHUH (C yKa3aHHeM MyHKTOB JJOKYMEHTA)




