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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: OCHOBBI KBAHTOBOW METPOJIOTUH
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kagenpa Poccuiickoro KBaHTOBOTO IIEHTpa

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nddepeHunpoBaHHblil 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[Iporpammy cocTaBuiu:

A.A. TonoBusuH, KaHj. pu3.-Mar. HayK
B.B. CoiieHko, acCHCTEHT

[Iporpamma obcyxneHa Ha 3acefanuu kadenpsl Poccuiickoro kBanTtoBoro nentpa 29.01.2025



AHHOTANMA

Kypc mocBsimieH paccMOTPEHHIO OCHOBHBIX NPHUHIMIIOB M IMOCIEAHWX HAy4YHBIX AOCTM)KEHUH B o0iacTu
KBaHTOBOM Merposoruu. KBaHToBass merposiorust OasupyeTcss Ha MCIOJIb30BAaHUM KBAaHTOBBIX COCTOSHHI
OTACNBHBIX YacTHI JHOO CHCTEMBl B KaueCTBE CEHCOPOB, 3a CUET 4Yero JOCTHraloTCsl MOKa3aTesn
(4yBCTBHUTENBHOCTB, TOYHOCTD H JIP.), IPEBOCXOAAIINE KIACCUYECKHE U3MEPHUTEIIbHBIC TPUOOPBI.

SpkuMu npuMepaMu  KBaHTOBBIX CEHCOPOB  SIBJSIFOTCSL JardMKM MArHUTHOIO TIIOJIA Ha OCHOBE
CBEpXIIPOBOJHMKOB, aTOMOB B s4eilkax W NV-LIEHTPOB, THPOCKOIIBI, ONTHYECKHE Yachl W AaTOMHBIE
uHTepdepoMeTprl, M rpaBuMeTpbl. HoBoe ompenenenne MexayHaponHoi Cuctembl Enunmin depes
(¢yHIaMeHTalbHbIE KOHCTAaHTHI BO MHOTOM MOTHBHPOBAHO BBICOKOH TOYHOCTH PAa3IMYHBIX KBAaHTOBBIX

CEHCOPOB.
1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

O3HAKOMUTD CTYACHTOB C OCHOBHBIMU IIPUHIIUTIAMHU KBaHTOBOM METPOJIOTUH.

3agauu AU CHUIIHHBI

pacuIMpuTh KpPyro3op CTYJISHTOB B O0JacTH KBAHTOBOW MEXaHHMKH, IO3HAKOMUTH CTYACHTOB C
¢uznyeckumMu mIaThopMaMu, UCTIOIb3yEMbIMH i1 KBAHTOBBIX CEHCOPOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

YK-1.2  OcymecTBisieT TMOUCK BapHaHTOB
MOCTAaBIICHHOH  TpoOJIEMHOW  CUTyallud  Ha
JIOCTYITHBIX UCTOYHUKOB MHGOPMAITUU

peleHust
OCHOBE

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HaHUS B 00JacTH (U3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet nipeacraBicHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoel
npoecCuoHaTbHON e TEHHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBAaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIIK-3.1 Cnocoben ananmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.3 Binameer aHaIUTUYECKUMUA U BBIUUCIUTEILHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PelICHUN




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHALHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcsi K TMOJYyYEHUIO HOBBIX 3HAHHUH,
IpoQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTW4eCKOW OOJacTH CBOEH MPOQECCHOHATBLHOM
EITENLHOCTH

IIK-1.2 CnocobeH BbyIBHTaTb  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WiIn)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3aJad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

¢usnyeckue miaarpopmMbl, HA KOTOPBIX

3HATh:
OCHOBBI KBAHTOBOM METPOJIOTUM W MarHUTOMETPHH,
peanru30BaHbl KBAHTOBBIC BEIUUCIUTEIN U CEHCOPBI, PEATU3ALIMIO aJITOPUTMOB U U3MEPEHUN HA HUX.
YMETb:
OOBSCHATh OCHOBHBIE TIPOIECCHI B KBAaHTOBOW METPOJIOTMH W B paboTe KBAHTOBHIX CEHCOPOB,
MIPOU3BOJUTH OLIEHKY MPOU3BOAUTEIFHOCTH KBAHTOBBIX CEHCOPOB.
BIIaJICTh:

MAaTEMAaTUYCCKUM aIlIapaTomM KBaHTOBOM MCXaHWUKH, B OCOOEHHOCTH OTHOCAIIMMCA K KBAaHTOBBIM

BBIYUCIICHUAM U UBMCPCHUAM.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 dusnueckue mwiaTPopmbl 4 8
2 KBaHTOBBIE TOrMYECKHE ONEpallUN 2 4
3 OnTuyeckue yachl 4 8
4 ATtomHEbIE uHTEPHEPOMETPHI, ) 4
IpPaBUMETPHI
5 Hexaccudeckne cOCTOSHUSL B KBAHTOBOM ) 4
METpPOJIOTUU
6 MarauromeTpus 6 12




7 TepmomeTpusi B HaHOMAacITade 2 4
] S nepHO-MarHUTHO-PE30HAHCHAs ) 4
THPOCKOIHS

9 DneKkTpoMeTpus 2 4
10 |MeTtons! yny4meHus: 9yBCTBUTEIbHOCTH 4 8
Hroro yacos 30 60
Iloaroroska k sk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. ®uznueckue miaTGopmel

dusnueckne wiaTQopMbl: XOIOIHBIE aTOMBI, XOJOAHBIE HOHBI, HCKYCCTBEHHBIE aTOMBI, (DOTOHBI.
BynyT paccmorpensl ocHOBHBIE (pru3nueckre miaThopMbl, Ha KOTOPBIX OCHOBAHbI ONTHYECKHE YacChl,
aToMHbIE MHTephEepOMETPBl U TPaBUMETPHI. Pa3o0paHbl METObI MOTY4YEHHsSI U MOATOTOBKM YacTHUII,
H.p. JIa3epHOE OXJIAKACHHUE, MPOLECChl HAKaYKu W mossgpu3anuu. OOCyXAeHbl NPEUMYIIECTBa U
HEJIOCTAaTKH Pa3IMYHbIX IIaT(HOPM B KOHKPETHOM HPUMEHEHHH.

2. KBaHTOBBIE TIOTUYECKHE OTIEpALIUN

ByayT paccMOTpeHbl OCHOBHBIE ONEpalliy, IPOMU3BOJUMBIC Hal aToMaMu (MOHamu, (POTOHAMU) IS
MOATOTOBKM M CUMTHIBAHMS COCTOSIHMH. Byner pa3oOpaH MeTon KBaHTOBOW JIOTMKH, B KOTOPOM
HCITIOJIB3YETCS CIIAPUHT-HOH /ISl CYUTHIBAHUS BHYTPEHHETO COCTOSIHHSI «9aCOBOT0» HOHA.

3. Onrndyeckue 4acel

Byayt paccmorpen mnpuHmMII pabOThl ONTHYECKHX YacoB, a TaKXe CYILIECTBYIOLIME Yachl Ha
OAMHOYHBIX U aHCAMOJIIX MOHAX, HA HEHTPaJbHBIX aToMax B pelleTKax, siepHble nepexoabl. byner
00CYXIaTbCsl CHCTEMAaTHYECKHE CIOBUTH U MOTPEIIHOCTH ONTHYECKHMX 4YacoB, a TaKXkKe UX
CTaOMIBHOCTD U TOYHOCTb.

4. AtoMHBIE HHTEP(HEPOMETPHI, TPABUMETPHI

Bynyt paccMOTpeHb! NPUHLUMBI pabOThl aTOMHBIX HMHTEPHEPOMETPOB M TPABUMETPOB, a TAKKe
UCIOJb3yEMblE aTOMHblEe aHcaMOnu. bymeT oOcyxmarbess WX UYyBCTBHTENBHOCTH K Pa3IMYHBIM
BHEIIHMM TOJNSAM, M CIHOCOOBI MX M3MepeHHs. bynyT mpoaHaIu3UpOBaHBl JJIOCTHKHMMBIE
XapaKTEePUCTHKH HHTEP(HEPOMETPOB U TPAaBUMETPOB 1 OTPaHUYMBAIOLINE (DAKTOPHI.

5. Hexiraccudeckre COCTOSHUS B KBAaHTOBOM MCTPOJIOTUH

BynyT paccMOTpeHbI mpuMephl HCIIOIb30BaHHUS HEKJIACCHYECKHUX COCTOSHHMH cBeTa JMOO aTOMHBIX
aHcaMmOJIell A7l YIy4lIeHHs XapaKTEPUCTUK KBAHTOBBIX CeHCOpoB. Hampumep, wucmonbzoBaHue
COKaThIX COCTOSIHUM J1s1 IIPEO0JIEHUs CTAaHJAPTHOI'O KBAaHTOBOI'O IIpesieia UIyMa.

6. MarauromeTpus

LenTpel okpacku B aiMase (a30T-BakaHCHUS, KPEMHUH-BAKaHCHUS), CTPYKTypa YpPOBHEH OCHOBHOTO
ONTUYECKOTO COCTOSHUS NV I1eHTpa, NPUHLMIBI ONTHYECKON TMONSIpU3AlMM W CUUTHIBAHUA
coctossaust NV nenrpa. [Ipuanun padorer DC- marautomerpa Ha NV meHTpe, OlleHKa TOYHOCTH
MarautomeTpa. CeepxmpoBomsiiuii kBaHTOBbIM uHTephepomerp (CKBUM). Ilpunmmm paGoTh
BUY-CKBU/] maraurtomerpa u CKBW]| marneromerpa Ha IOCTOSHHOM TOKe. UyBCTBHTEIHHOCTH
CKBU/J] marautomeTpoB. MarHuTomMeTp Ha pyOuIMeBO siueiike.



7. TepmomeTpusi B HaHOMacIITade

TepmoMeTpust KUBOM KJIETKH C HCIOJIB30BAHWEM LIEHTPOB OKpPacKU B HaHoaiMasax. [IpuHOuIb
M3MEpPEHUS TEMIIEPATYPhI C IOMOIIBIO [IEHTPOB OKPAaCKH B HAHOAMa3ax.

8. H,I[epHO—MaFHI/ITHO-pe30HaHCHa§I TUPOCKOIIUA

l'upockomn Ha Oaze aHcaMOmsl SAEPHBIX COMHOB KCeHOHa. lIpuHIMI paboThl, PeKUM MOAACPIKAHUS
BBIHYKICHHOU MPELIECCUMU.

9. DnexTpoMeTpus

DNEeKTPOMETPHs C HCIOIB30BAHHEM PHAOEPTrOBCKUX aTOMOB. DJIEKTPOMETPHS C HCHOJIb30BaHHUEM
LEHTPOB OKPACKH B ajMase.

10. MeTozbl yy4dnieHUs] YyBCTBUTENBHOCTH

Mertons! ynyumeHust 4yBctButensHocT. Koppekuus ommbok. Hepaspymaromee usmepeHue.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANATIPOSKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. Beenenue B hm3uky cBepXnpoBogHUKOB [Tekcr] : yued. mocobue mist ¢u3. Crell. By30B : g0, M-BoM
BhICII. ¥ cpef. crnell. oopazosanust CCCP / B. B. Illmunr .— M. : Hayka, 1982 .— 237 c. - bubauorp.:
c. 230-232. - IIpeam. ykas.: c. 233-235. - 10 500 sk3.
- Pune ®. Crangaprsl yactotsl. [Ipunummnet u npunoxenus / [lep. ¢ anmt. —M.: ®U3MATIINT, 2009.
- 512 c. - ISBN 978-5-9221-1096-9

JlononHuTenbHAs TUTEpaTypa
- Dmitry Budker, Derek Kimball Optical Magnetometry/ Cambridge University press, 2013 —412c.
-ISBN 9780511846380
- Ludlow A. D. et al. Optical atomic clocks //Reviews of Modern Physics. — 2015. — T. 87. — Ne. 2. — C.
637.
- Pezze L. et al. Quantum metrology with nonclassical states of atomic ensembles //Reviews of Modern
Physics. —2018. — T. 90. — Ne. 3. — C. 035005.

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

- lib.mipt.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nekuusx ucrosb3yroTesi MyIbTHMEINHHbBIC TEXHOIOTHH, BKIIIOYAs IEMOHCTPAIIMIO TIPE3CHTAIIHIA.
- Microsoft PowerPoint

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)



CryneHT, M3y4arollui JTUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare m3ydeHWs NHUCLHUIUIMHBI CTYACHT JOJDKEH 3HATH OCHOBHBIE ONPEAEICHUS WU NOHATHSA,
YMETb IPUMEHSThH [10JIyUYEHHbIE 3HAHUS AJIs PELICHUs pa3IMuHbIX 3a/1a4.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/ICHTaM Ha 3aHITHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kagenpa Poccuiickoro KBaHTOBOro EHTpa

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT
PaspaGorunkm:

A.A. TonoBusuH, KaHj. pu3.-Mar. HayK
B.B. CoiieHko, acCHCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.2 OcymiecTBisger MNOUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

peleHus
OCHOBE

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATbLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.1 3HaeT ®W  CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHIaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 IlonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTh
MareMaTuk M (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHun 3a1a4 NpoQeccuOHaTbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANBHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTeparype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, [JIaHUPOBAThH
MyTH PEIIeHHs, MpelaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.3 BnageeT aHAIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAET U YYUTHIBAET HA MPaKTHKE
CPaHULbl MPUMEHUMOCTH MOJIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJUICKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHABbHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMutrcsi K TMOJyYEHUIO HOBBIX 3HAHHUH,
poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
N3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, TOy4aTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3pabOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl




2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare nzyueHus AUCHMIUIMHBI «OCHOBBI KBAHTOBOM METPOJIOTUI 00yJarOIIUiCs T0DKEH:

3HATh:
OCHOBBI KBAaHTOBOM METpPOJOIMM W MarHUTOMETpUH, (¢u3nueckue IuaTGopmbl, Ha KOTOPBIX
peann30BaHbl KBAHTOBBIE BBIYMCIUTENN U CEHCOPBI, PEAIN3alUI0 aJITOPUTMOB U U3MEPEHUI Ha HUX.
yMeTh:
OOBSCHATH OCHOBHBIE IIPOLIECCHl B KBAaHTOBOM METPOJIOTMM W B pPabOTe KBAaHTOBBIX CEHCOPOB,
IIPOU3BOJUTH OLICHKY IPOU3BOAUTEIBHOCTH KBAHTOBBIX CEHCOPOB.
BJIaJeTh:

MAaTEMAaTUYCCKUM allIapaTom KBaHTOBOM MCXaHWUKH, B OCOOEHHOCTH OTHOCAIIMMCA K KBAaHTOBBIM
BBIYUCJICHUAM U UBMCPCHUAM.

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

Pazobparb oqny u3 npeanoxeHHbIX crateil. [Ipumepsl crareii:

- Coherent laser spectroscopy of highly charged ions using quantum logic;

- High-sensitivity magnetometry with a single atom in a superposition of two circular Rydberg states;
- Variational Spin-Squeezing Algorithms on Programmable Quantum Sensors;

- A quantum network of clocks.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

[IprMepbl KOHTPOJIBHBIX 33JaHUN

1. Beruncnuth HEoOXOIMMOE BpeMsi MHTEIPHUPOBAHMS CUI'HAja CTAaHAApTa 4acTOTHI AJIS JOCTHKECHUS
OTHOCHTENBbHON cuctematnueckod morpemHoctn 1E-18 mpu  ompoce aromHoro ancamOis
pabu-ummynscom anurenabHocThio 800 mc. Ilepuon m3mepenwmii lc, uncino aromo 10000, yacrora
yacosoro nepexona 430 TT'n.

2. Kakyro KOppeKUHI0O YacTOThl HEOOXOJMMO BHECTH INPU CIMYEHHHM ABYX OINTHYECKUX YacoB C
pa3HocThio BbicoT 400 MeTpoB.

3. Paccumutarh pa3sHOCTb I'PaBUTAILMIOHHOTO MOTEHIMAJIA Ha 9KBAaTOPE U TOJIIOCAX.

4. PaccuWtarh TEOpETHYECKHH TIpened YyBCTBUTECIBHOCTH MO JipoOboBoMy miymy ¢oronoB DC
MarHeToMeTpa C BpeMeHeM KorepeHTHOCTH 12* = 1Mkc u koHTpacToM ¢mtoopecuerunu 30%.

5. Kakyro mnomaas moxer nmers PU CKBU/I, uto6b1 nuHaMuyeckuii quana3os Obut >1 MK T

Hepequb KOHTPOJIBHBIX BOIIPOCOB
1. Pazmuunbie BHU/JIbI ITYMOB, UX CIICKTP U ACBUAILIUA Annana.

2. XapaKTepHCTUKU KBAaHTOBBIX CEHCOPOB, UYyBCTBHUTEIBHOCTb, CTaOMIbHOCTH. CrocoObl orpoca.
CraHgapTHBIN KBAaHTOBBIHN Mpees H3MEepEHH.

3. Ipunnun paboTsl aTOMHBIX YacoB. OCHOBHbIE MUKPOBOJIHOBBIE M ONITUYECKUE YacChI.
4. OCHOBHbBIE CUCTEMaTHYECKUE CABUIY U UCTOYHUKH [TOrPEIIHOCTEN ONTHYECKUX YaCOB.

5. ATOMHBIE I'paBUMETPbI, NPUHIUIBI paboTel. Vcnonbp3yemble eOUHHULBI U XapaKTepPHbIC 3HAYCHUS
I'PaBUTALMOHHOIO OJIA OT Pa3jJU4HbIX MCTOYHMKOB (JlyHa, skBaTop u moimoca, u T.1.). CpaBHeHue
KJIACCUYECKUX M aTOMHBIX T'PaBUMETPOB.

6. Marautometp Ha NV nenrpe. Pacuér 4yBCTBUTETBHOCTH MarHUTOMETpA B CiIy4ae OAMHOYHOTO NV
1 aHCaMOJIsl IIEHTPOB OKPACKHU

7. Marautometp Ha aroMax PyOuans. UyBCTBUTEIBHOCTh MATHUTOMETDA.
8. T'mpockom Ha aHCcaM0Jie aTOMOB KCEHOHA. PexxnMm mojyiep kanusi BBIHYKICHHOM MPEleCCUH.

9. Bddexr xozedpcona. SQUID. IMpunmun padorsr DC-SQUID marneromerpa. UyBCTBHTENBHOCTD
SQUID marnetomerpa.

10. IMonmspuzamus snepHOro cnuHa a3ora B NV IeHTpe B peXUME IEepecedeHus YpOBHEHN
B030yxkaeHHOT0 coctostHusA(ESLAC).

11. AC marautometp Ha NV nenrtpe. Otuuns ot DC marautomerpa. OlieHKa 9yBCTBUTEIFHOCTH.



Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOrpaMMbl AMCHUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIH OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHATHh IOIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAETCSA CTYACHTY, €CIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELLICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayyia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (GopMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT TrpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BaTh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 0ajim - BBICTABISAETCS CTYIEHTY, KOTOPHIH HE 3HAaeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOK B (GOPMYIUPOBKAX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBanuplii 3a4€T MPOBOIATCS B YCTHOW ¢opme mo Owieram. B kaxkaom Owuiere
NPE/ICTaBICHO JBa TEOPETHUECKUX Bompoca. [Ipu mpoBepeHnH 3auéra M dK3aMeHa OO0yYaromemycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocs He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



