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«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: KBaHTOBast METpPOIIOTHS 1 KBAHTOBBIE CEHCOPHI
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
®usrex-KJIacTep akaJIeMUYECKON U HAyYHON Kapbhepbl

Kypc: 1
KBAJM(PUKAIMA: MarucTp

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

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

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBuiIu:
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I'b. JlecoBuk, n-p Gu3.-MaT. HAyK, CTAPIINI HAYYHBIH COTPYIHUK, PyKOBOAUTEH 00pa3oBaTebHON
MIPOrpPaMMBbI

[Iporpamma obcyxnena Ha 3aceqannu Ousrex-kinacrepa akageMuueckoi 1 HayuHoil kapeepsl 04.06.2020



AHHOTANMA

B kypce nmarorcd 3HaHUS O COBPEMEHHON KBAHTOBOM METPOJIOTMM M YCTPOWCTBE KBAaHTOBBIX CEHCOpPOB.
ITonpobHO paccmarpuBaeTcss KBaHTOBasi TEOPHs M3MEPEHHH, MO3BOJIAIOIIAs pa3padaThiBaTh HOBBIE METOJIBI
CBEPXTOYHBIX M3MepeHuid. Ocoboe BHUMaHHE yAETSeTCS OCHOBHBIM KBAaHTOBBIM aJITOPUTMAaM OLIEHKU (ha3bl.
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 CIOCOOOB TOBBIIICHUS TOYHOCTH HM3MEPEHHIA, OCHOBAaHHBIX HA KBAHTOBBIX
addekrax.

-M3y4eHHE BAPHAHTOB PEaIN3allii KBAHTOBBIX CEHCOPOB C MIOMOIIBIO PA3IMYHbBIX (PU3HUECKUX 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 pemars 3a1a4vi COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pPa3BUTHS,  ONPEACSITh U
peaTn30BhIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

YK-6 CriocobeH onpeiessITh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U

CIIOCOOBI €e COBCPLICHCTBOBAHMUS Ha OCHOBE

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CaMOOILICHKH

crocoObl M CpEICTBAa BBIIOJIHEHUS JACATENBHOCTH C €&
pe3ynbTaraMu

OIIK-1.2 Crmocoben 00001maTs ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00JacTh

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

Hay4YHbBIX 3HaHUH B o0acTu

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
(hM3HKO-MaTeMaTHIEeCKUX HayK

npoeCcCHOHANBHON  JESTENbHOCTH  (yHAaMEHTaJIbHBIC
Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-2.1 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npoecCuoHaTbHON e TEIHHOCTH

OIIK-2 Nmeer npeacraenenne o0 akryanbHbix |OITK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
npobiemMax HayKd U TEXHUKH B 00JIaCTH CBOEH |uMcciieoBaHMM B obmacTu  cBoel  mpodeccroHanbHON
npodeccuoHaIbHON IESTEIbHOCTH, CIOCOOCH | AEATENBPHOCTH U MX MPAKTHYECKYIO 3HAYMMOCTh

Ha Hay4YHOM SI3bIKe (OPMYITHPOBATH OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
npoQeCCHOHANBHBIC 331291 HCIIOJIB3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
uTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
W3JIOKEHUSI PEe3yJIbTaTOB HAy4YHOW JAEATEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBbIC

ITIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIENOBAHUS CaMOCTOSTEIBHO WM B COCTaB€ HAy4YHOIO
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO KOJUJICKTHBA

KOJIJICKTHBA OPraHU30BbIBAaTh U NIPOBOJUTH I1IK-2.2 CnocobeH 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 TEOPUI0 U3MEPEHUS ISl KOHKPETHBIX BEJIMYMH NMPUMEHUTEIBHO 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.

OOmwmit 0030p TEOpUH W3MEpPEHHH B

2 . 8 8
KBaHTOBOH MEXaHUKE.

3 KBaHTOBBIE aNTOPUTMBI OLIEHKH (a3bl. 8 8

4 dusnueckas peanus3anus  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. Beenenue. CraTucTuueckoe OMHMCAHUE Mpolecca U3MEpeHus. BrIBoa cTaHAapTHOrO KBaHTOBOTO
npezena.

Jlaercst oOmiee MOHATHE O MpoIecce W3MEpeHUsi Kak o ciydailHoM mporiecce. Ha mpumepe
WU3MEPEHUsl MPOeKUMH crnuHa 1/2 BeiBomuTcs (opMyna A BEIMYMHBI CPEIHEKBAaAPaTHYHOIO
OTKJIOHEHUs MOJISIpU3aLUY CIIMHA.

2. O0muit 0630p TEOPUU U3MEPEHUI B KBAHTOBOM MEXaHHKE.

[IpuBonuTCS BpUCTHUECKHI MeToJ BhIBOza Ipasuia bopHa. C MOMOMIBIO ONMUCAHUS OTJIOXKEHHBIX
KBaHTOBBIX U3MEpPEHUI BBIBOAUTCS mocTynar ¢on Helimana o moBTOpHBIX m3MepeHusx. Mzmaraercs
obmras reopust POVM u3mepenuid.




3. KBaHTOBBIEC arOPUTMBI OIICHKH (pa3bl.

W3naraercst KBaHTOBBIHM U IMOMYKJIACCHYECKHE AITOPUTMbI OLICHKH (pa3bl HA OCHOBE ITPeoOpa3oBaHuUs
®ypre. Uznararorcs anroputmsl Kuraesa u ruOpuaHbie anropuTMbel Ha 0cCHOBe baecoBckoii Teopui.

4. dusznyeckas pcain3anrd KBAHTOBBIX CCHCOPOB.

JlaeTcst 0030p CyHIECTBYIONIMX KBAHTOBBIX ceHCOpoB. Oco0oe BHUMAaHUE YNENSETCS KBAaHTOBBIM
CeHCOpaM MarHUTHOTO IIOJII Ha OCHOBE CBEPXIPOBOASAILINX KyOHTOB THIIA «TPAHCMOH», PACCMOTPEH
TaKKe KyTPUTHBIH BapuaHT ceHcopa. OmnmcaHbl ONTHYECKHE CEHCOPHl Ha OCHOBE KOT€PEHTHOTO
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)



Js OATOTOBKM K WTOTOBOM aTTeCTallMd MO TPEAMETY JIyYIlle BCEro IMOJIb30BAaThCA MarepHalaMu
JIEKIHI.

HOHOJ’IHI/ITGJ’ILHLIG HUCTOYHHUKHU IJIA CaMOCTOATCIIBHOI'O U3YUCHUA:

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

Du3Tex-KIIacTep aKaJAeMUIeCcKON U HayuyHO! Kapbepsl (DyHIaMeHTaIbHbIE TPOOJIEMBI
(U3UKN KBAHTOBBIX TEXHOJIOTHH)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH
PazpaGoTunkm:

A .B. Jlebenes, kana. (u3.-MaT. HayK, TOIICHT
M.B. Cycnos, kanj. ¢pu3.-Mar. HayK, aCCUCTEHT

I'b. JIecoBuK, n-p ¢pu3.-Mat. HayK, CTAPIINN HAYYHBIA COTPYAHUK, PYKOBOJUTEIL 00pa30BaTEIbHOM
IIpOTrpamMMbl



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBPHOIO  pa3BUTHS,  ONpEAEsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U

CIIOCOOBI €€ COBCPHICHCTBOBAHUSA HAa OCHOBC

YK-6.2 OueHHBaceT CBOIO JIEATECIBHOCTh, COOTHOCHT IIEJH,
CaMOOILICHKH

CHOCOObI W CPEJCTBA BBITIONHEHUS JICATENBHOCTH C e€
pe3ynbraramu

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

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX N
npodeccuoHaIBHON 1S TeTbHOCTH

HAayYHbIX 3HAHHH B 00J1aCTH

OIIK-1.1 3HaeT W CHOCOOEH  WCIIOJIL30Barb B
(hu3HMKO-MaTEeMaTHIECKUX HAYyK

mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
Hay4YHbIC 3HAaHHA B 00JacTH (PU3NKO-MaTeMaTHIeCKuX HayK

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

OIIK-2 Nmeer npeacrapnenne o0 akryanbHbix |OITK-2.2 CrniocoGen OLICHUBATh AKTyaJIbHOCTh
npobiemMax HayKd U TEXHUKH B 00JIaCTH CBOEH |Mcciie/ioBaHU B obmactu  cBoeld  mpodeccroHalbHON
poeCCUOHANBHOM I TENFHOCTH, CIIOCOOCH | ASSTEIBHOCTH U UX MPAKTHYECKYI0 3HAYUMOCTD

Ha HAYYHOM SI3bIKE (POPMYIMPOBATH OIIK-2.3 Brnaneer mnpodeccHOHAIbHON TEpMHHOJIOTHEH,
PO(eCCHOHAIBHBIC 324K HCIIONIb3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUS PE3YNBTaTOB HAYYHOW IESATENBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

[MIK-2.1 Cnoco0eH TuIaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC

ITK-2 CriocobeH caMOCTOATENLHO UK B HCCIICAOBAaHUA CAMOCTOSATENIBHO HMIM B COCTaBE€ HAy4HOIO
KauecTBe 4jieHa (PyKOBOAUTEINS) MaJIOro KOJUIEKTHBA

KOJIICKTHBA OPraHU30BbIBATH U IIPOBOJUTH [IK-2.2 Cnoco0eH mnpoBOIUTH ampoOaluio pPe3yJabTaToB
HayYHBIE HCCIIENOBAHMUS M UX anpoOaiuio Hay4HO-HCCIIEN0BATEIbCKON paboTHI MOCPEACTBOM

MyOJIMKAIIMKY HAYYHBIX CTAaTeil U yyacTus B KOH(EPEeHIUIX

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynprate m3yueHus aucuuiuinHbl «KBaHTOBast METpOJIOTHSI M KBAaHTOBBIE CEHCOPBD OOYyYaroLIHiCs
JOJKEH:

3HATh:
-IIPUHLIMIIBI U TJIaBHBIE PE3YJIBTAaThl TEOPUU U3MEPEHUIM
-OCHOBHBIE IIPUHIIMIIBI KBAHTOBON METPOJIOIUU
-OCHOBHBIE KBAaHTOBBIE JITOPUTMBI OLIEHKHU (ha3bl
-OCHOBHBIE BApUAHThI peajln3allii KBAHTOBBIX CEHCOPOB
YMeThb:
-OIIUCBHIBATh IIPOLIECC U3MEPEHUS KBAHTOBBIMU J€TEKTOPaMU
-BBIOMpATh MOAXOASIINE CIIOCOOBI U3MEPEHUH NCXOS U3 TOCTAHOBKU 3aa4uH
-CTPOUTh TEOPUIO0 U3MEPEHUs JUIsl KOHKPETHBIX BEJIMUYUH NPUMEHUTEIBHO K KOHKPETHBIM YCIIOBUSIM
JKCIIEPUMEHTA
BJa/IeTh:
-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

1. BeiBectu hopmyity [UIsl CTAaHAAPTHOTO KBAaHTOBOTO Ipeea.

2. OOBACHUTD KaUe€CTBEHHO MPOUCXOKACHUS 3aBUCUMOCTH TOYHOCTU U3MEPEHUS OT BPEMEHH.
3. B uem pazuuua mexay PV u POV usmepenunsimu.

4. TIlpoananu3upoBats skcniepumedT LlltepHa ['epnaxa.

5. OObsSICHUTh pasHHIly MEXIy ainroputMoM KuraeBa ¥ alropuTtMoM, OCHOBaHHBIM Ha
MOJTyKJIaCCHYECKOM IipeodpazoBannu Dypse.

6. IToka3ars, 4TO B KyTPUTHOM CJIy4ae MOXKHO ONPEIEINUTh 3HAK MArHUTHOTO ITOJISL.
7. IlepeuncnnTh U KPaTKO 0XapaKTEPU30BaTh N3BECTHbIE PEaTU3aLUN CEHCOPOB.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. BeIBOZ CTaHJAPTHOTO KBAaHTOBOTO TIpeJieNa.

2. KBanToBbI#1 anroputm orieHku (azel Kuraesa.
buner 2.

1.  Owusnueckass peanu3anys KBAHTOBBIX CEHCOPOB Ha OCHOBE CBEPXIIPOBOASIIETO KyOHTa
(TpancmoHa).

2. KBaHTOBEIH asirOpUTM OIlleHKH (Da3bl HA OCHOBE MIpeodpazoBanus Dypke.

Kputepun onennBanus

- oueHka "ommuHo (10)"  BbICTaBIseTCS ~ CTYACHTY, IIOKa3aBIIEMY  BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHe 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U MPaBUIbHOE 0OOCHOBaHHE
MPUHATHIX PELIEHUN;

- omeHka "ommmuHo  (9)"  BBICTaBIseTCS  CTYIEHTY,  IIOKa3aBIIEeMy  BCECTOPOHHHUE,
CHCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL 1 YMEHHE IPUMEHSITh UX
Ha IMPAaKTHKEe NPU PEIICHUH KOHKPETHBIX 3ajad, CBOOOIHOE M MpPaBHJIbHOE 0OOCHOBaHME MPHHATHIX
pELICHMUI;

- omeHka  "ommmyHO  (8)"  BBICTaBISETCS ~ CTYIEHTY,  IIOKa3aBIIEeMy  BCECTOPOHHHUE,
CHCTEMaTH3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL U YMEHHE TPUMEHSTh UX
Ha [IPAKTUKE NPU PEIICHUN KOHKPETHBIX 3a/1a4, U MPaBUIbHOE 000CHOBAHHME NPUHSTHIX PELICHNH;

- omeHka "xopomo (7)" BBICTaBIAETCS CTYACHTY, €CIIM OH TBEPAO 3HAET Marepuall, rPaMOTHO U IO
CYLIECTBY U3J1araeT ero, yMeeT IPUMEHUTD [10JyUYEHHbIC 3HaHUS Ha IIPaKTHKE, HO JOIYCKAaeT B OTBETE
VI B PELIEHUH 3a/1a4 HEKOTOPHIE HETOUHOCTH;

- orieHKa "xopomio (6)" BBICTABISIETCS CTYJCHTY, €CIIH OH 3HAeT Marepuai, TPaMOTHO U 1O CYIIECTBY
U3JIaraeT ero, yMeeT NPUMEHHUTH NOJIYYCHHbIE 3HAHUS Ha NMPAKTUKE, HO JIOMYyCKaeT B OTBETEC WM B
peLIeHNH 3a/1a4 HEKOTOpble HETOYHOCTH;

- oeHKa "xopomio (5)" BBICTaBIISETCS CTYACHTY, €CJIM OH 3HAeT MaTephall, IO CYLIECTBY H3Jaraer ero,
yMeeT IIPUMEHUTH [10JIyYE€HHbIE 3HAHUS Ha MPAKTHKE, HO JIOIyCKaeT B OTBETE WMJIM B PEIICHUU 3a1ad
HEKOTOPbIE HETOUHOCTH;

- OuUeHKa '"yOOBIETBOPUTENBbHO (4)" BBICTABISETCS CTYACHTY, IOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHWH, HEJOCTaTOYHO IpaBWIbHBIC (opMyTHpoBKa 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeI0BATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
BIIAJICIOLIIEMY OCHOBHBIMU pa3jielaMu y4deOHOW INporpaMMbl, HEOOXOOMMBIMU JUIS JajibHeimero
00y4eHHs ¥ CIIOCOOHOMY MPUMEHSTH MMOyYeHHbIE 3HAHUA 110 00pa3ily B CTAaHJApTHON CHTYyalluy;

- oueHKa "yooBIeTBOpUTENBHO (3)" BBICTABISETCS CTYACHTY, I[OKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapaKTep 3HaHUM, HETOCTaTOYHO NpaBWIIbHBIE (HOPMYIMPOBKAa Oa30BBIX MOHSITHM,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpU 3TOM
BJaJEIONIeMy (parMEeHTAapHO OCHOBHBIMH pa3ieiaMH y4eOHOH NporpaMMbl, HEOOXOIMMBIMHU IS
JanbHENIIero oO0y4eHus: 1 CocoOHOMY HPUMEHSTH MOJY4YEeHHBIC 3HAHUS 10 00pasily B CTaHAApPTHON
CUTYalluu;

- OLEHKa "HEYIOBIETBOPUTEIBLHO (2)" BBICTABISETCS CTYHACHTY, KOTOPBIA HE 3HAET OOJbIIeH YacTu
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpPOBKaX OCHOBHBIX MOHATUI IUCLUILIMHBI M HE YMEET MCIIOIb30BATh MOIYYEHHBIC 3HAHUS IPU
pELICHNH TUIIOBBIX MPAKTUYECKUX 3a71a4;



- omeHKa "HeynoBneTBOpHUTENbHO (1)" BhICTABISIETCS CTYJACHTY, KOTOPBIM HE 3HaeT (POPMYIHPOBOK
OCHOBHBIX MOHITHN AUCIUILINHBL.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEJILHOCTH

[TpomexxyTOouHas aTTecTaIys [0 AUCLUIIIMHE OCYIIECTBISAETCS B (JOPME YCTHOTO 3K3aMeHa.

Bo Bpems mnpoBeneHHs SK3aMeHa OOy4YalomMecss MOTYT IOJNb30BAaThCsl TOJNBKO MPOTrpPaMMOi
JUCHUTUIMHBI.

Ilpu mnpoBeneHMM »5K3aMeHa oOOydalolleMycsl MpefocTaBiasercs 1 acTpOHOMHYECKMH Yac Ha
noaroroBky. Onpoc oOydaromierocst mo OWJIETy Ha YCTHOM dK3aMeHe HE JIOJDKEH MPEBBIATh JIBYX
aCTPOHOMMUYECKUX YaCOB.



