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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: Introduction to Quantum Metrology/OcHOBBI KBAHTOBOI METPOIOTUN
10 HANPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kagenpa Poccuiickoro KBaHTOBOro EHTpa

Kypc: 1
KBAJM(PUKAIMA: MarucTp

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

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1
[IporpamMmy cocraBunu:

A.A. TonoBusuH, Kav. Gpus.-mar. HayK
B.B. Comenko

[Iporpamma obcyxnena Ha 3aceqanuu kagenpsl Poccuiickoro kBanrosoro uentpa 30.03.2020



AHHOTANMA

Kypc mocBsimieH paccMOTPEHHIO OCHOBHBIX NPUHIMIIOB M MOCICTHUX HAayYHBIX OCTHXKEHMHA B 00macTu
KBaHTOBOM MeTrposiorn. KBaHTOBass MeTposorusi 06a3upyercss Ha HCIOJIb30BAHUM KBAHTOBBIX COCTOSIHUH
OTACTBHBIX YaCTHI JHOO CHCTEMBbl B Kaue€CTBE CEHCOPOB, 3a CYET 4YEro JJOCTHraloTCsl MOKa3aTelH
(4yBCTBHUTENBHOCTB, TOYHOCTD H JIP.), IPEBOCXOAAIINE KIACCUYECKHE U3MEPHUTEIIbHBIC TPUOOPBI.

SpkuMu npuMepaMu  KBaHTOBBIX CEHCOPOB  SIBJSIFOTCSL JardMKM MArHUTHOIO TIIOJIA Ha OCHOBE
CBEpXIIPOBOJHMKOB, aTOMOB B s4eiikax W NV-IEHTPOB, THPOCKOIIbI, ONTHYECKHE Yachl W aTOMHBIE
uHTepdepoMeTpsl, W rpaBuMeTpbl. HoBoe onpeaenenne MexayHaponnoii Cucrembl Epmbun depes
(¢yHIaMeHTalIbHbIE KOHCTaHTHI BO MHOTOM MOTHBHPOBAaHO BBICOKOM TOYHOCTH Ppa3iIMYHBIX KBAHTOBBIX

CEHCOPOB.
1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

O3HAKOMUTD CTYACHTOB C OCHOBHBIMU IIPUHIIUTIAMHU KBaHTOBOM METPOJIOTUH.

3agauu AU CHUIIHHBI

pacuMpuTh KpPYyro3op CTYJICHTOB B O0JacTH KBAHTOBOW MEXaHHKH, IO3HAKOMUTb 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  OcymiecTisieT TIOHCK 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 SHaer © CIOCOOEH  HCHONIL30BAaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HaHUS B 00JacTH (U3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00JacTH
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoel
npoecCuoHaTbHON e TEHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CnocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
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 CrpeMurcss K TOIXYYEHUIO HOBBIX 3HAHHM,

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
EITENLHOCTH

[IK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAETH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

¢uzndeckue 1IathopMbl, Ha KOTOPBIX

3HATh:
OCHOBBI KBAHTOBOM METPOJIOTUM W MarHUTOMETPHH,
peanru30BaHbl KBAHTOBBIC BEIUUCIUTEIN U CEHCOPBI, PEATU3ALIMIO aJITOPUTMOB U U3MEPEHUN HA HUX.
YMETb:
OOBSCHATh OCHOBHBIE MPOIECCHI B KBAHTOBOW METPOJOTMHM W B pabdOTE€ KBAaHTOBBIX CEHCOPOB,
MIPOU3BOJUTH OLIEHKY MPOU3BOAUTEIFHOCTH KBAHTOBBIX CEHCOPOB.
BIIaJICTh:

MAaTEMaTU4YCCKUM arlrapaTom KBaHTOBOM MCXaHUKHU, B O0COOEHHOCTH OTHOCAIIMMCA K KBaHTOBBIM

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 2
2 KBaHTOBBIE TOrMYECKHE ONEpallUN 2 1
3 OnTuyeckue yachl 4 2
4 ATtomHEbIE uHTEPHEPOMETPHI, ) 1
IpPaBUMETPHI
5 Hexaccudeckne cOCTOSHUSL B KBAHTOBOM ) |
METpPOJIOTUU
6 MarauromeTpus 6 3




7 TepmomeTpusi B HaHOMAacITade 2 1
] S nepHO-MarHUTHO-PE30HAHCHAs ) |
THPOCKOIHS

9 DneKkTpoMeTpus 2 1
10 |MeTtons! yny4meHus: 9yBCTBUTEIbHOCTH 4 2
Hroro yacos 30 15
Iloaroroska k sk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb 45 yac., 1 3au.en.

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.
ByayT paccMoTpeHbl OCHOBHBIE (pM3UUECKHE MIAT()OPMBI, Ha KOTOPHIX OCHOBAaHBI ONTHYECKHUE YacChl,
aToMHbIE MHTephEepOMETPBl U TPaBUMETPHI. Pa3o0paHbl METObI MOTY4YEHHsSI U MOATOTOBKM YacTHUII,
H.p. JIa3epHOE OXJaKICHHE, MPOLECChl Hakadyku M moisipuianuu. OOCYXIeHbl NMPEUMYIIECTBA H
HEJIOCTAaTKH Pa3IMYHbIX IIaT(HOPM B KOHKPETHOM HPUMEHEHHH.

2. KBaHTOBBIE TIOTUYECKHE OTIEpALIUN

ByayT paccMOTpeHbl OCHOBHBIE OIEpaLliy, MPOU3BOAUMBIEC HaJ aroMaMH (MOHaMH, (POTOHAMH) LIS
MOATOTOBKM M CUMTHIBAHUS COCTOSIHMH. Byner pa3oOpaH MeTox KBaHTOBOW JIOTMKH, B KOTOPOM
HCITIOJIB3YETCS CIIAPUHT-HOH /ISl CYUTHIBAHUS BHYTPEHHETO COCTOSIHHSI «9aCOBOT0» HOHA.

3. Onrndyeckue 4acel

Byayt paccmorpen mnpuHIMII pabOThl ONTHYECKHX 4YacoB, a TAaKXE CYIIECTBYIOIIME Yachl Ha
OZMHOYHBIX U aHCAMONIAX MOHAX, Ha HEUTPAJbHBIX aTOMax B peIIeTKax, AJepHble mepexonsl. byner
00CYXIaTbCsl CHCTEMAaTHYECKHE CIOBUTH U MOTPEIIHOCTH ONTHYECKHMX 4YacoB, a TaKXkKe UX
CTaOMIBHOCTD U TOYHOCTb.

4. AtoMHBIE HHTEP(HEPOMETPHI, TPABUMETPHI

Bbynyt paccMOTpeHb! MPUHLUNBI pabOThl aTOMHBIX HHTEP(HEPOMETPOB M TPAaBHUMETPOB, a TAKKe
UCHOJNb3yEMble aTOMHble aHcaMmOmu. bymer oOcCyknmaTbcsi MX YyBCTBUTEIBHOCTh K Pa3IM4YHBIM
BHEIIHMM HONAM, M CHOCOOBI MX u3MepeHus. bynyT npoaHann3upoBaHbl —IOCTHXKHMBbIE
XapaKTEePUCTHKH HHTEP(HEPOMETPOB U TPAaBUMETPOB 1 OTPaHUYMBAIOLINE (DAKTOPHI.

5. Hexiraccudeckre COCTOSHUS B KBAaHTOBOM MCTPOJIOTUH

BynyT paccMOTpeHbI IpuUMephl MCIOIb30BaHUSA HEKJIACCHYECKUX COCTOSHHM CBeTa JINOO aTOMHBIX
aHcaMmOJIell Asl YIydlleHHs XapaKTepUCTHK KBAaHTOBBIX CEHCOpoB. Hampumep, wucnonbp3oBaHue
COKaThIX COCTOSIHUM J1s1 IIPEO0JIEHUs CTAaHJAPTHOI'O KBAaHTOBOI'O IIpesieia UIyMa.

6. MarauromeTpus

LenTpbl Ookpacku B anMase (a30T-BaKaHCHS, KPEMHHH-BAKAaHCHs), CTPYKTypa YpOBHEH OCHOBHOTO
ONTUYECKOro cocTossHust NV LEeHTpa, NPUHLMIBI ONTHYECKOM IONSIpU3alUM U CUUTHIBAHUSA
cocrosgausi NV wnenrpa. [Ipunuun paboret DC- marHutomerpa Ha NV HeHTpe, OLEHKa TOYHOCTH
MarautomeTpa. CrepxmnpoBoasmmii kBantoBblii wHTepdepomerp (CKBUJI). INpuanmn paboTsi
BU-CKBU/]| marautomerpa u CKBUJ[ marHeromeTpa Ha TOCTOSHHOM TOKe. UyBCTBUTEIBHOCTH
CKBU/J] marautomeTpoB. MarHuTomMeTp Ha pyOuIMeBO siueiike.



7. TepmomeTpusi B HaHOMacIITade

TepmoMeTpusi KUBOM KIETKH C MCIOJIb30BAHUEM LEHTPOB OKPACKH B HaHOoainMasax. IIpuHOHUIbI
M3MEpPEHUS TEMIIEPATYPhI C IOMOIIBIO [IEHTPOB OKPAaCKH B HAHOAMa3ax.

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

l'upockon Ha Gaze aHcaMOnsi AOEPHBIX CIIMHOB KCeHOHA. [IpuHImm paboTel, pexXuM MOAAepKaHUs
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 JUCIUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare m3ydeHHs NHUCLUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE ONPEACICHUS M TOHATHA,
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 y4ueOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX [UIs
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. Cowenxko



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  OcymiecTBisieT TOHUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

pelieHus
OCHOBE

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

OIIK-1.1 3HaeT W cHocoOEGH  HCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCIUIIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
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 NmeeT npeacTaBieHrne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 CrniocoGen OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel  mpodeccrnoHambHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH 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 aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHUPOBATh CIIOCOOBI
peleHus

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHLHBIMHU
METOJaMH 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 CriocobeH TpUMEHSTh 3HaHWS B 0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
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 CrpeMurcss K TOIXYYEHUIO HOBBIX 3HAHHM,

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATEHON
IEITEILHOCTH

[IK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OI[CHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajaue W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3yabTaThl




2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare uzyuenus qucumiuinabl «Introduction to Quantum Metrology/OcHOBBI KBAHTOBOM METPOJIOTHIY
00yJarouiCs JTOIKEH:

3HAThb:

OCHOBBI KBAaHTOBOH METpPOJIOTMM M MAarHUTOMETpHH, (u3ndeckue IuiaTGopmMbl, Ha KOTOPBIX
peann30BaHbl KBAHTOBBIE BBIYHUCINUTENN U CEHCOPHI, PEaIM3aliio aITOPUTMOB U U3MEPEHHH Ha HUX.
yMeThb:

OOBSACHATH OCHOBHBIE TIPOLECCHl B KBAHTOBOW METPOJOTMHM M B paboTe KBAaHTOBBIX CEHCOPOB,
MIPOU3BOJUTH OLIEHKY IPOU3BOAUTEIBHOCTH KBAHTOBBIX CEHCOPOB.
BJIaJeTh:

MAaTCMaTUYCCKUM armapaTomM KBaHTOBOM MCXaHUKH, B 0COOCHHOCTHU OTHOCAIIUMCA K KBAaHTOBBIM
BBIYHCIICHUAM U U3SMCPCHUSAM.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

Pazobparb ojHy U3 NpeanoKeHHbIX cTaTeid. [IpuMepsl craTeii:

- 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. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

1. BeruncnuTth HEOOXOIMMOE BpEMsi MHTEIPHUPOBAHUS CUTHAJIA CTAHAAPTa YacCTOTHI JUIsl AOCTHXKEHUS
OTHOCHTENBHON cuctematnueckoid morpemHoctn 1E-18 mpu  ompoce aromHoro ancamons
pabu-ummynscom anutensHocTeio 800 Mc. Ilepuon m3mepenuit lc, uucio aromos 10000, yacrora
yacosoro nepexona 430 TT'm.

2. Kakylo KOppEeKIMIO YacTOThl HEOOXOAMMO BHECTH IIPU CIMYCHHUH JBYX ONTHYECKHX YacOB C
pazHocThIO BBICOT 400 METpOB.

3. Paccuurarp PAa3HOCTb I'PABUTAIIMOHHOI'O MOTCHIIHMAJIA HAa SKBATOPC U IMOJIFOCAX.

4. PaccuuTarh TEOPETHYECKHI NpEAeNl UYyBCTBUTEIBHOCTH MO ApoboBomy mymy ¢otono DC
MarHeToMeTpa ¢ BpeMeHeM KorepeHTHocTH T2* = IMkc u koHTpacToM ¢uroopecueHunu 30%.

5. Kakyro mnomans moxet umetrs PY CKBU/I, uTo0b! AuHaMUYecKuii Auana3zon 0bu1 > 1Mk Tn

[TepeueHb KOHTPOIBHBIX BOIPOCOB
1. Pa3znuyHble BUIBI ITYMOB, UX CIIEKTP U JeBUALMs AJIaHa.

2. XapakTepUCTHKH KBAaHTOBBIX CEHCOPOB, YyBCTBHUTEIBHOCTb, CTaOMIBHOCTh. CrocoObl ompoca.
CranaapTHBIH KBaHTOBBIH Npeies H3MEPEHUH.

3. HpI/IHI_H/IH pa6OTLI aTOMHEIX 4acoB. OCHOBHEIE MHUKPOBOJIHOBBIC U OIITUYCCKHUC YaChI.
4. OCHOBHEIC CHCTEMATUUYCCKUE CABUI'H 1 UCTOYHUKH HOFpeH.IHOCTeﬁ OIITUYCCKHX YaCOB.

5. AromHbIE TpaBUMETPHBI, NPUHIMIBLI PaboThl. Mcronb3yemble eMHMIBI U XapaKTepHbIC 3HAUCHUS
IPaBUTALIMOHHOTO TOJI OT Pa3IUYHbIX MCTOYHHMKOB (JlyHa, skBaTop M momoca, u T.0.). CpaBHEeHHE
KJIACCUUYECKUX U aTOMHBIX I'PAaBUMETPOB.

6. Marunutomerp Ha NV nieHtpe. Pacy€r uyBCTBUTENHHOCTH MarHUTOMETPA B CiIydae OAMHOYHOTO NV
1 aHCcaMOJIsl IGHTPOB OKPACKU

7. Marautometp Ha aroMax PyOuans. UyBCTBUTENBHOCTh MATHUTOMETPA.

8. T'mpockomn Ha aHcambiie aTOMOB KCEHOHA. Pexum moaaep kanusi BBIHYKACHHOM MTPELECCUH.

9. Dddexr Ixozedhcona. SQUID. [punmun padorer DC-SQUID maraeromerpa. UyBCTBUTENEHOCTH
SQUID marneromertpa.

10. TMonmspuzamusi saepHoro cnuHa a3zora B NV ILEHTpe B pEXHUME IMepeceueHus ypoBHEH
B0o30yxaeHHoro cocrostausi(ESLAC).



11. AC marautomertp Ha NV nentpe. Otuuuns ot DC marautomerpa. OlieHKa 49yBCTBUTEIBHOCTH.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh UX Ha NPAKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka oOmIMYHO § Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xoporio 7 0aioB - BRICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, IPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomo 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
OneHka ymoBIETBOPUTENbHO 4 Oaiya - BBICTABISETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBI,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3JieNibl yueOHOW NMpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka ymoBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JONycKarolnlemy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHO! MporpaMmbl, HEOOXOAUMBIMHE JUIS JaJIbHEHIIEro o0ydeHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCS CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHOH IporpaMMbl JUCHMIUIMHBI, JOMyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MIPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 0ajl - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

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

JuddepennmpoBannpiii 3a4€T TPOBOAATCS B ycTHOW (opmMe mo Owmieram. B kaxmom Ouiere
MPE/ICTaBICHO JBa TEOpPETUUECKUX Bompoca. [Ipum mpoBereHny 3auéra W dK3aMeHa OOydaromemycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocss He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



