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: KBaHTOBast METPOJIOTHSI U KBAHTOBBIE CEHCOPHI
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa QyHIaMeHTAIBHBIX MPOOIIeM (PU3UKH KBAHTOBBIX TEXHOJIOTUH

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

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

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[IporpamMmy cocraBunu:

A .B. Jlebenes, kana. (u3.-MaT. HayK, TOICHT

M.B. Cycnos, kanj. ¢u3.-Mar. HayK, aCCUCTEHT

I'b. JIecoBuk, n-p ¢pu3.-Mat. HayK, CTApIIANA HAYYHBIA COTPYAHUK, PYKOBOJUTEIL 00pa30BaTEIbHOM
IIPOTrpamMMbl

[Iporpamma obcyxieHa Ha 3acefannu kKadenpa QyHIaMeHTaIbHBIX TPo0IeM (DU3UKH KBAHTOBBIX TEXHOJIOTHHA
29.03.2025



AHHOTANMA

B kypce nmarorcd 3HaHUS O COBPEMEHHOH KBAaHTOBOW METPOJIOTMH M YCTPOWCTBE KBAaHTOBBIX CEHCOPOB.
ITonpobHO paccmarpuBaeTcss KBaHTOBasi TEOPHs M3MEPEHHH, MO3BOJIAIOIIAs pa3padaThiBaTh HOBBIE METOJIBI
CBEPXTOUYHBIX M3MepeHuid. Ocoboe BHUMaHUE YNEISeTCs OCHOBHBIM KBAHTOBBIM QJITOPUTMaM OLEHKH (a3bl.
JlaroTcst mpuMepsl BEIOOPA MOAXOSIINX CIIOCOO0B U3MEPEHHH UCXO/ U3 OCTAaHOBKH 3a/1auH.

1. lean u 3apa4un

Henp AucoMnInHBI
JaTh cTyneHTam 3HaHHS O COBPEMEHHOW KBAHTOBOM METPOJIOTHH U YCTPOMCTBE KBAHTOBBIX CEHCOPOB.

Jate yniyOneHHble 3HAHMS KBAaHTOBOW TEOPUH HM3MEPEHHH, MO3BOJIAIONINE pa3paldarhlBaTh HOBBIE
METOJbI CBEPXTOYHBIX U3MEPEHU.

3agauu AUCUMIIHHBI
- ynryOleHHOE U3yueHHe TEOPUH U3MEPEHUH.
- U3y4YEHHE TEOPETUYECKHUX IPEEIIOB MOBBIIIEHUS TOYHOCTH U3MEPEHH.

-M3yYeHHE COBPEMEHHBIX CIIOCOOOB TOBBIIICHHUSI TOYHOCTH M3MEPEHHH, OCHOBAHHBIX Ha KBAaHTOBBIX
addekrax.

-M3y4YeHHE BAPHAHTOB peaIn3allii KBAHTOBBIX CEHCOPOB C MOMOIIBIO PA3IHYHBIX (PU3NUECKUX CHCTEM,
B TOM YHUCJIE C TIOMOIIbIO KYOHUTOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-6.1 Ymeer pemare 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsaTb |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

YK-6 CriocobeH onpeiessITh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U

CIIOCOOBI €e COBCPLICHCTBOBAHMUS Ha OCHOBE

VK-6.2 OueHuBaeT CBOIO JI€STE€IHLHOCTb, COOTHOCHUT LU,
CaMOOILICHKH

crocoObl M CpPEACTBa BBIMOJHEHUS JESTENBHOCTH C €€
pe3ynbTaraMu

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3y/IbTaThl HAayYHBIX MCCIECJOBaHUH B 0O0JacTH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX N
npo¢ecCHOHANBHON e TeNbHOCTH

Hay4YHbBIX 3HaHUH B o0acTu

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
(hM3HKO-MaTeMaTHIEeCKUX HayK

npoeCcCHOHANBHON  JEesTENbHOCTH  (yHIaMEHTalbHBIC
Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-2.1 Umeet npeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2 Nmeer npeacraenenne o0 akryanbHbix |OITK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
npobiemMax HayKd U TEXHUKH B 00IacTH cBOeil |uccieoBaHUil B obnmactu  cBoed  mpodeccHoHaIbHON
npodeccuoHaIbHON IESTEIbHOCTH, CIOCOOCH | AEATENBPHOCTH U MX MPAKTHYECKYIO 3HAYMMOCTh

Ha Hay4YHOM SI3bIKe (OPMYITHPOBATH OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
npoQeCCHOHANBHBIC 331291 HCIIOJIB3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
W3JIOKEHUSI PEe3yJIbTaTOB HAy4YHOW AEATEIBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

[IK-2.1 CnocoGeH I1ulaHUPOBaTh M MPOBOAWTH HAYYHBIC

ITIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIEOBAHUS CaMOCTOSTEIBHO WIM B COCTaBE HAay4YHOI'O
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO KOJUJICKTHBA

KOJIJICKTHBA OPraHU30BbIBAaTh U NIPOBOJUTH [1IK-2.2 CnocoGeH MNpoOBOAUTH ampoOalMi0 Pe3yIbTaTOB
Hay4HbIE UCCIIEIOBAHKS U UX aNPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTsl MOCPECACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yyacTusl B KOH(EPEeHINAX

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI




3HATb:

-IIPUHLIMIIBI U IVIABHBIE PE3YJIBTAaThl TEOPUU U3MEPEHUI
-OCHOBHBIEC PUHIIMITBI KBAHTOBOH METPOJIOTHU
-OCHOBHBIC KBAHTOBBIE AJITOPUTMBI OLIEHKH (ha3bl
-OCHOBHBIE BAPHAHTHI pealin3allii KBAHTOBBIX CEHCOPOB
YMETh!
-OIUCHIBATh MPOLECC U3MEPEHUS KBAHTOBBIMH JETEKTOPAMH
-BBIOMPATh MOAXOAIINE CLIOCOOBI M3MEPEHUI NCXO/I U3 TOCTAHOBKHU 33/1a41
-CTPOUTH TEOPHUIO M3MEPEHHsI Ui KOHKPETHBIX BEJIMYMH NPUMEHHUTEIBHO K KOHKPETHBIM YCIOBHUSIM
JKCIIEpUMEHTA
BJIaJIETh:
-METOJaMH OIHMCaHUS MPOLEeCcca U3MEPEHHs B JTFOOBIX (PU3NYECKUX CHCTEMaX
-MeTO/laMH pa3pabOTKN KBAaHTOBBIX CEHCOPOB
-METOJaMH aHAJIN3a PE3YJIbTaTOB U3MEPEHUH B CIIOKHBIX CUCTEMaX

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTs pabora

Beenenne. Craructuueckoe ONMCcaHue
1 rpoiiecca M3MEpEeHusl. BriBon 6 7
CTaHJAapPTHOTO KBAHTOBOTO Tpezera.

OOmmii 0030p TeopuHM H3MEpPEHUH B

2 . 8 8
KBaHTOBOH MEXaHUKE.

3 KBaHTOBBIE aNTOPUTMBI OLIEHKH (a3bl. 8 8

4 dusnueckas peaqusalusi KBaHTOBBIX ] 7
CEHCOPOB.

Nroro yacos 30 30

ITonroToBka k 3K3aMeHy 30 gac.

OObwas Tpy1oEMKOCTb 90 ygac., 2 3a4.ex.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. Beenenne. Craructudyeckoe ONHMCaHHE IMpoliecca U3MepeHHs. BBIBOI CTaHIapTHOTO KBaHTOBOTO
npezena.

Haercst oOmiee TOHATHE O TIpollecce HM3MEpPEHHsl Kak O ciydaiiHoM mporecce. Ha mpumepe
WU3MEPEHUsl MPOeKUMH crnuHa 1/2 BeiBomuTcs (opMyna A BEIMYMHBI CPEIHEKBAaAPaTHYHOIO
OTKJIOHEHUs MOJISIpU3aLUY CIIMHA.

2. O0muit 0630p TEOPUU U3MEPEHUI B KBAHTOBOM MEXaHHKE.

[IpuBonuTCS 3BpUCTHUECKHUI METOA BbIBOJA IpaBuia bopHa. C MOMOIIBIO OMHMCAaHUSI OTIOKEHHBIX
KBaHTOBBIX U3MEPEHHUI BBIBOAUTCS MocTynar ¢poH HeliMaHa o MOBTOPHBIX M3MepeHUsX. M3maraercs
obmras reopust POVM u3mepenuid.




3. KBaHTOBBIEC arOPUTMBI OIICHKH (pa3bl.

W3naraercst KBaHTOBBIM M MOIYKIACCHUECKUE aJITOPUTMBI OLIEHKHU (ha3bl HA OCHOBE NMPEOOpa30BaHUsA
®ypre. Uznararorcs anroputmsl Kuraesa u ruOpuaHbie anropuTMbel Ha 0cCHOBe baecoBckoii Teopui.

4. dusznyeckas pcain3anrd KBAHTOBBIX CCHCOPOB.

JlaeTcst 0030p CyHIECTBYIOIIMX KBAaHTOBBIX CEHCOpPOB. Oco0oe BHMMaHHE YICHSAETCS KBAHTOBBIM
CEHCOpaM MarHWTHOTO TIOJI1 HA OCHOBE CBEPXIPOBOIAIINX KYOMTOB THIA «TPAHCMOH», PACCMOTPEH
TaKkXKe KyTPHUTHBIH BapuaHT ceHcopa. OmHCcaHbl ONTHYECKHE CEHCOPHI HAa OCHOBE KOTEPEHTHOTO
J1a3epHOTO U3ITy4eHHS.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

Mynbsrumenuiinoe 06opynoBaHue (IPOEKTOP, IKpaH), J0CKaA, MEJl HIIU MapKephl.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. KBanToBas Teopus npoBepku runore3 u ouenuBanus [ Texct]/K. Xencrpom , -M., Mup, 1979
2. Craructuueckas Teopusi ooHapyxxkenus curnanos [ Tekcr]/K. Xenctpowm , niep. ¢ anri. I 1O.
Ko63apesa noz pen. FO. b. Ko63apesa, -M., MrocTp. muT., 1963
3. U3mepenue Maibix cui B puszndeckux skcreprumentax [Tekct], monorpadus/B. b. bparunckwuii, A.
b. ManyxkuH, -M., Hayxka, 1974
4. M.V. Suslov, G.B. Lesovik, G. Blatter, Quantum Abacus for counting and factorizing numbers,
Phys. Rev. A 83, 052317 (2011) [20 pages]; arXiv:1011.3646, WoS: 000290758100005, Scopus:
2-52.0-79961117846.

JlomonHuTenpHAs IUTEpaTypa
1. D. Oehri, A.V. Lebedev, G.B. Lesovik, G. Blatter, Projective versus weak measurement of charge in
a mesoscopic conductor, Phys. Rev. B 90, 075312 (2014); arXiv:1406.4762, WoS: 000341268900007,
Scopus: 2-52.0-84935470492.
2. G.B. Lesovik, F. Hassler, G. Blatter, Using qubits to measure fidelity in mesoscopic systems, Phys.
Rev. Lett. 96, 106801 (2006); cond-mat/0507200.
3. G.B. Lesovik, A.V. Lebedev, V. Mounutcharyan, T. Martin, Detection of gravity waves by phase
modulation of the light from a distant star, Phys. Rev. D 71, 122001 (2005) [12 pages];
astro-ph/0506602.

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

1. G.B.Lesovk, M. V. Suslov, G. Blatter, Quantum divisibility test and its application in mesoscopic
physics, arXiv:0906.4960.
2. https://www.nature.com/nphoton/journal/v5/n4/full/nphoton.2011.35.html

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00pPa30BaTeJIbHOIO0
npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpEe3EHTALUN.

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



Jist TOATOTOBKM K WTOTOBOM aTTECTallMd MO MPEAMETY JIydIlle BCETrO IMOJIb30BaThCS MaTepHallaMu
JIEKIHI.

JIOTIOTHUTEIBHBIC UCTOYHUKH JJTI CAMOCTOSITEIIbHOTO U3yUCHHUS:
Biich H., Mahapatra S., Rahman R, Morello A, Simmons MY., Spin readout and addressability of
phosphorus-donor clusters in silicon, Nature. Comm. 4, 2017 (2013).

Vandersypen, Experimental realization of Shor's quantum factoring algorithm using nuclear magnetic
resonance, Nature 414, 883 (2001).

Quantum-state engineering with Josephson-junction devices, Rev. Mod. Phys. 73, 357 (2001).

Qavity quantum electrodynamics for superconducting electrical circuits: An architecture for quantum
computation, Phys. Rev. 69, 062320 (2004).

Charge-insensitive qubit design derived from the Cooper pair box, PHYSICAL REVIEW A 76, 042319
2007.



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

kadeapa QyHIaMeHTAIBHBIX MPOOJIeM (PU3UKH KBAHTOBBIX TEXHOJIOTUI
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaspaGorunkm:

A.B. Jlebenes, kana. (pu3.-Mar. HayK, JOIECHT
M.B. Cycnos, kauj1. (pu3.-Mar. HayK, aCCUCTEHT

I'b. JlecoBuk, n-p Gu3.-MaT. HAyK, CTAPIINI HAYYHBIH COTPYIHUK, PyKOBOAUTENH 00pa3oBaTeIbHON
MIPOrpPaMMBbI



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoeccHOHANBHOTO  Pa3BUTHS,  ONPEHENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

VK-6.2 OueHuBaeT CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBHIMOJHEHUS JIESTEILHOCTH C €€
pe3yabTaraMu

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAYyK

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

OIIK-1.1 3HaeT W CcOOCOOCH  HCIOJB30BaTh B
mpoeCCUOHANBHON  JesTeNbHOCTH  (yHIaMeHTalbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK

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

[1K-2 CnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U IMTPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIE
HCCIJICAOBAHMUS CAMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIio pe3yJIETaTOB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
TyONMUKAIMY HAYYHBIX CTAaTe U yJacTusl B KOH(pEepeHIuIx

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynerare m3yuenus mucuuiuinHbl «KBaHTOBast METpOJIOTHSI M KBAaHTOBBIE CEHCOPBD OOYYaroLIMHCS

JIOJKEH

3HAThb:

-[IPUHIUIIBI U TTIAaBHBIC PE3YJIbTAThl TCOPUU I/IBMepeHI/Iﬁ
-OCHOBHBIC TPUHIHUIIBI KBaHTOBOM METPOJIOTUH
-OCHOBHBIC KBAHTOBBIC AJITOPUTMBI OLICHKHU (1)331)1
-OCHOBHBIC BApHAHTHI pC€aIn3allii KBAHTOBBIX CCHCOPOB

yMeThb:

-OIIHCBhIBATh MMPOUECC U3MEPCHUA KBAHTOBBIMU JCTCKTOPAMU
—BLI6I/IpaTL noAXOAAIIUC CIIO0COOBI I/I3MepeHI/Iﬁ HCXO0As U3 ITIOCTAHOBKH 3aJa4H
-CTPOUTH TCOPUIO U3SMCPCHHUA JISI KOHKPETHBIX BCJIWYUH HNPUMCHUTCIIBHO K KOHKPCETHBIM YCJIOBUAM

OKCIICPUMCHTA
BJIad€Th:

-MEeTOJIaMH OIIMCAHMUS MPOoLecca U3MEPEHNUS B JIFOOBIX (PU3NIECKUX cCUCTeMax
-METOJaMH pPa3padOTKN KBAHTOBBIX CEHCOPOB
-METOJaMM aHAJIN3a PE3YJIbTaTOB U3MEPEHUH B CJIOXKHBIX CUCTEMAX

3. IlepeyeHb THNOBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJIIO

He npenycmorpeno.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

[IpumepHBI IepeueHb BOIIPOCOB:

1. BeiBectu hopmyity [UIsi CTaHAAPTHOTO KBAaHTOBOTO Ipe/ea.

2. OOBACHUTD KaUe€CTBEHHO MPOUCXOKACHUS 3aBUCUMOCTH TOYHOCTU U3MEPEHUSI OT BPEMEHH.
3. B uem pazaunua mexay PV u POV usmepenusmu.

4. Tlpoananu3upoBats skcniepumedT LlltepHa ['epnaxa.

5. OObACHUTH pa3HHUILY MEXKIy airopuTMoM KwurtaeBa u anropuTMOM, OCHOBaHHBIM Ha
MOTYKJIaCCHYECKOM IipeodpazoBannu Dypse.

6. Iloka3arp, YTO B KYyTPUTHOM CIIy4ae MOXHO OIIPEIEIUTh 3HAK MarHUTHOTO IIOJIS.

7. IlepedncnuTh 1 KpaTKO 0XapaKTepU30BaTh U3BECTHBIE PEeaIU3alii CEHCOPOB.

8. [Tocrynar pon HelimaHa 0 MOBTOPHBIX H3MEPEHHSIX

9. AnroputMmbl Ha ocHOBe baecoBckoit Teopuu

10. KyTputHsbIit BapuaHT ceHCOpa

[Mpumeps! OUIETOB:

buner 1.
1. BeIBOZ CTaHJAPTHOTO KBAaHTOBOTO TIpesiena.
2. KBanToBBI#1 anroputm orieHku (a3el Kuraesa.

burner 2.

1.  ®dusnueckas peanu3anns KBAHTOBBIX CEHCOPOB Ha OCHOBE CBEPXIPOBOAALIETO KyOuTa
(TpancMmoHa).

2. KBaHTOBBII alropuT™ OLIEHKH (ha3bl Ha OCHOBE MpeoOpazoBanus Dypoe.

Kputepun onennBanus
- oueHka "ommuHo (10)"  BbICTaBIseTCS ~ CTYACHTY, IIOKa3aBIIEMY  BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
MPUHATHIX PELIEHUN;
- omenka "ommmuHo  (9)"  BeIcTaBNIAETCA  CTYHNEHTY,  IIOKa3aBLUIEMY  BCECTOPOHHHE,
CHUCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHOW MPOTrpaMMbl TUCLUILIMHBI 1 YMEHUE IPUMEHSTD UX
Ha IMPAKTHKE NPU PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBWIbHOE 00OCHOBaHME MPHHATHIX
pELICHMUI;
- omeHka "ormmuHo  (8)"  BeICTaBNIAETCA  CTYHNEHTY,  IIOKa3aBLIEMY  BCECTOPOHHHE,
CHUCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHOW MPOTrpaMMbl TUCLUILIMHBI 1 YMEHUE IPUMEHSTD UX
Ha [IPAKTUKE NPU PEIICHUN KOHKPETHBIX 3a/1a4, ¥ IPaBUIbHOE 000CHOBAHHNE NPUHSTHIX PEIICHNH;
- omeHka "xopomo (7)" BBICTaBIAETCS CTYACHTY, €CJIM OH TBEPAO 3HAET Marepuall, rPaMOTHO U IO
CYLIECTBY U3J1araer ero, yMeer NpUMEHUTh [I0JyUYEHHbIE 3HaHHsI Ha IIPAKTUKE, HO JIOIyCKaeT B OTBETE
WIH B PELICHUH 3a]ad HEKOTOPbIE HETOYHOCTH;
- oneHka "xopoio (6)" BBICTAaBISETCS CTYIEHTY, €CIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, ymMeeT NMPUMEHUTH IMOJIyYeHHbIC 3HAHHWSA Ha MPAaKTHKE, HO JIONMYCKaeT B OTBETE WM B
pelIeHNH 3a/1au HEKOTOPble HETOUHOCTH;
- oeHKa "xopomo (5)" BHICTaBIISETCS CTYACHTY, €CIM OH 3HAeT MaTephall, IO CYLIECTBY H3Jaraet ero,
yMeeT IIPUMEHUTH I10JyuYeHHbIE 3HAHUs Ha IIPAKTUKE, HO JOIyCKAaeT B OTBETE WM B PEIIECHUM 3a/ay
HEKOTOPbIE HETOYHOCTH;
- OuUeHKa "yaoBJIeTBOpUTENbHO (4)" BBICTABISIETCS CTYIEHTY, IOKaszaBlieMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HAHUIl, HEJOCTaTOYHO NpaBWIbHBIC (HOPMYIHPOBKA OA30BBIX IMOHATHM,
HapyIIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
BIIAJICIONIIEMY OCHOBHBIMHU pa3jesiaMi y4eOHOH MporpaMMmbl, HEOOXOAMMBIMHU ISl JaJbHEUIIEro
00y4eHHs ¥ CIIOCOOHOMY MPUMEHSTH MOyuYeHHbIE 3HAHUA 110 00pa3ily B CTaHJApTHON CHTYyalluy;



- oueHka "ygosierBopuTenbHO (3)" BBICTABISIETCS CTYIEHTY, I[OKaszaBlieMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HAHUIl, HEJOCTaTOYHO NpPaBWIbHBIC (HOPMYIMPOBKA O0A30BBIX IMOHATHM,
HapylIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
BIIaJieIoNnieMy (parMeHTapHO OCHOBHBIMH pas3fellaMH Y4eOHOH IporpaMMbl, HEOOXOAMUMBIMU IS
JaJibHEeHIero o0y4eHus: 1 CcnocoOHOMY MPHUMEHSTh HMOIY4YEeHHBIE 3HaHUS 10 00pa3lly B CTaHAAPTHOM
CHUTYaINH;

- OllcHKa "HEYOBIETBOPUTEIHHO (2)" BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAET OOINbIIeH YacTh
OCHOBHOTO COZACP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOIMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AUCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYEeHHBIC 3HAHUS MIPU
pEILIEHUH TUTIOBBIX NPAKTUYECKUX 3a7ad;

- oueHKa "HeyaoBieTBOpUTENbHO (1)" BBICTABIAETCS CTYAEHTY, KOTOPBIH HE 3HAEeT (OPMYIUPOBOK
OCHOBHBIX NOHATUH JUCIUIINHBL.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[IpomesxyTouHas arTecTanus 0 AUCUUILUINHE OCYLIECTBISIETCS B (pOpME YCTHOTO 3K3aMEHa.

Bo Bpems mpoBeaeHusi 3K3ameHa oOydarommecs MOTYT IIOJb30BAaThCS TOJIBKO IPOrpaMMOin
JUCLUAIUIMHBIL.

[Ipu mnpoBemeHuM »sK3aMeHa OOydaroUIeMycsl MpenocTaBisieTcss | acTpOHOMHYECKHH dYac Ha
noarotoBky. Ompoc oOyuaromierocst mo OWJIETYy Ha yCTHOM 3K3aMEHE He JOJDKEH MPEBBIATh IBYX
ACTPOHOMMUYECKHX YacOB.



