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1. e ocBOCHHSA THCIHIIINHBI

[enstmu ocBoeHUsT AUCHUILTUHBI «KBaHTOBas MEXaHHKa» SBISAIOTCS HM3YYEHHE OCHOB
HEPEJISITUBUCTCKOW KBAHTOBOM MEXaHHUKHU U MPUOOPETEHHE HABBLIKOB HMCIIOJB30BaHUS armapara
KBAaHTOBOI MEXaHWKH JJIsl OMMCAHUS KOHKPETHBIX MOJIENEH, CBI3aHHBIX CO CTPOCHHEM aToma U
AJIEMEHTAPHBIX YACTHII.

2. MecTO AUCHUIIIMHBI B CTPYKTYpe 00pa30BaTeJIbHON MPOrpaMMbl

HucumiuinHa  «KBaHTOBas ~ MexaHUWKa»  OTHOCHUTCS K  00s3aTenbHOU
00pa30BaTeNIbHOI MporpaMMbl U BXOAUT B MOAYJb « TeopeTruueckast pusuka.

Jlisi OCBOEHUS JAHHOM AMCUUIUIMHOM CTYJIEHTHI JOJDKHBI BIAJE€Th MaTeMAaTHYECKUM
annapaToM BEKTOPHOTO M TEH30PHOTO AaHAIN3a, JHMHEHHOW anreOpsl, audQepeHnnaaIb-Horo
UCUUCIIEHUS, YMETh peLlaTh OCHOBHBbIE THUIBl JU(PQEepeHIMaIbHbIX YPaBHEHUH, 3HATh
crienuanbHble (PYHKIIMN MaTeMaTH4ecKor (PM3UKH U UX CBOMCTBA, 3HATh OCHOBBHI TEOPETHUECKON
MEXaHUKH U IEKTPOJUHAMUKH, UMETh MPEACTaBICHNE 00 OCHOBHBIX MOHATHIX (U3UKU aToMa U
aTOMHOTO si7pa.

ITonyuennsle B Kkypce «KBaHTOBas MexaHHWKa» 3HAHUS HEOOXOAMMBI IJIsi HU3Y4YEHHUs
NOCENYIOMUX AUCUUIUIMH Moxyns «Teopermueckas ¢Qusmka», a TaKke I H3YUYCHHUS
HOCJEIYIOIUX CHEeHaTbHbBIX KypCOB.

qaCTu

3. [Ilnanupyemble  pe3yabTaTbl O00y4eHMsI 1O JMCUMILIMHE, COOTHECEHHbIe €
IJIAHUPYEMBIMH pPe3yJIbTaTaMH 0CBOCHHS 00pa30BaTe/bHON MPOrpaMMbl

[Ipomecc m3ydeHus: MUCIUTUTMHEI HAIIPABJICH Ha (POPMHUPOBAHUE CICAYIONINX JIEMEHTOB
komneTeHuii B cootBercTBUU ¢ ®I'OC BO, OOIT BO u npuobpeTeHus Cleayrommx 3HaAHUMH,
YMEHHM, HaBBIKOB U (MJIM) OMbITA 1€ATEIbHOCTH:

®opmupyemas
KOMIIeTEHLMS
(ko ¥ (popMyJIMPOBKA)

HNupukaTop nocTuxeHus
KOMIIeTeHIIMH
(ko u (popMyJIMPOBKA)

Ilepeyennb
IJIAHHPYEMBIX Pe3yJIbTATOB 00y4eHMsI

OobmenpogeccuoHaJbHbIe KOMIIETEHIIUN

WJI-OIIK-1_1 3HaTh:

OIIK-1

CnocobeH NMpUMEHSITh
0a30BbIC 3HAHUS B
obnactu hu3MKo-
MaTEeMaTHYECKHUX U
(WJIM) €CTECTBEHHBIX
HayK B cdepe cBoeit
npodeccCuoHaIbHON
JESTEIIbHOCTH

3HaeT QyHIaMEHTaJIbHBIE
3aKOHBI IPUPOJIBI, a TAKXKE
OCHOBHBIE METOJIbI,
UCTIONIb3yeMbIe B (DU3UKE U
MaTeMaTHKe

- OCHOBHBIC TCOPEMBI U YPABHCHUA KBaHTOBOM
MEXAaHUKU,

- YCJIOBHUA IPUMEHCHUA METOJIa TCOPUU
BO3My1.L[€HI/II\/'I B KBAaHTOBOI MEXaHHUKE.

NA-OIIK-1 2
OcymiecTBIseT MOCTAHOBKY
3aJla4u, BEIOUPAET CIIoco0
ee peIIeHus

YMmeTh:

- BOCIIPOU3BOJNTD KITIOUEBBIE (PU3NIECKHE
MIPUHITUIEI 1 MAaTEMATHICCKUE TIPUEMEI,
I/ICHOJIB?,yeMHe HpI/I HOCTpOCHI/II/I KBaHTOBOﬁ
MEXaHUKU,

- OIPEJIEeNATH KOPPEKTHOCTh MCITOJIb30BaHUS
TeX WM UHBIX (U3NYECKUX PEAIOI0KEHUNH U
MaTEeMaTUYECKUX METOIOB, MPUMEHSIEMBIX
pu GOPMYJIUPOBKE U PEIICHHH KBAHTOBO-
MeXaHNYECKHX 3a1ady.




(xox u hopMyJTHPOBKA)

dopmupyemas

KOMIIETCHI U KOMIIETCHIIUHA

(xox u (hopMyJTHPOBKA)

HNupukaTop nocTuxeHust

Ilepeyenb
IJIAHUPYEMBIX Pe3yJIbTATOB 00y4eHMsI

NJI-OIIK-1_3
[Tpumenser 6a3zoBble
(bu3nIecKue 3aKOHBI U

U pCHICHUA 3ada4
TCOPETUICCKOTO U

MaTeMaTUYICCKHUEC MCTOIbI

MPUKIATHOTO XapakTepa

YMmerThb:

- paboTaTh ¢ omepaTopaMu U BOJTHOBEIMHU
(YHKIMSIMHE B KBAHTOBOM MEXaHUKE;

- pewiats ypaBHeHus LlIpeaunrepa nis
OJTHOMEPHOT'0 TAPMOHUYIECKOTO OCIHIIIATOPA
Y aTOMa BOJIOPO/IA;

Buaagers HaBBIKAMM:

- pemenus ypaBaenus lllpenunrepa mis
MIPOU3BOJIBHBIX CUCTEM;

- IPaKTHIECKOTO MMPUMEHEHHUS TCOPUHN
BO3MYIIEHUH JUIS pelIeHus] (PU3NICCKUX
3aJ1a4, CBSA3aHHBIX C JIBUYKCHUEM aTOMHEIX
YaCTHIL,

- paboOTHI CO CITHHOBBIMH BOJTHOBBIMH
GYHKIUSMU.

4. O0bem, CTPYKTYpa U COAEPKaAHUE TUCHUILINHBI

OO61mas TpyJ0eMKOCTh AUCHHUIUIMHBI COCTABISET 3 3a4eTHhIE enuHuIlbl, 108 akaa. 4acos.

Ne Tembl (pa3aeibl) Buabl yueOHbIX 3aHATHIA, DopMbI TEKYLLIETO
n/n JUCIHUNIHHBI, BKJIIOYAsI CAMOCTOSITEILHYI0 | KOHTPOJISI YCIIEBAEMOCTH
HX coJlep:KaHue padoTy CTYAeHTOB,
U UX TPYAOEMKOCTH DopMa NPOMeKYTOUHOM
o (B akageMUYeCKHX Yacax) aTTrecTaluu
3 KontakTHasi padoTa (no cemecmpanm)
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1 |KBaHTOBOI MCXaHHMKH B 6 4 6 4 N
CaMOCTOSTEIIEHOM pabOTHI
(uzuke.
3amanus st
CaMOCTOSTEIBHON pabOThI,
TecTel Ha caMONIPOBEPKY
MaremaTtudeckuii anmapat 0 pasziesaM TeMbl
2 . 6 | 12 | 10 1 10
KBaHTOBOM MEXaHUKH. B OVYK «KB. MexaHuka»
B LMS Moodle
CamocTosTenbHas
pabota Nel
3 ITpunoxxeHus KBaHTOBOM 6 | 12111 1 6 3amaHus st
MEXaHUKH. CaMOCTOSATEIFHOM paboTHI




Ne Tembl (pa3aebl) Buapl yueOHbIX 3aHATHH, @DopMBbI TEKYLIETO

n/n JAUCIHUNIHHBI, BKJIIOYASI CAMOCTOSITEIbHYI0 | KOHTPOJISI YCIIEBAEMOCTH
HX coJlep:KaHue padoTy CTYAeHTOB,
U UX TPYAOEMKOCTH DopMa NPOMeKYTOYHOM
o (B akaileMHYeCKHX Yacax) aTTecTAlluU
S KontakTHasi padoTa (no cemecmpanm)
=
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TIEKITHH
MPaKTHYECKHE
nabopaTopHEIE
KOHCYJIbTallun

aTTECTAIMOHHEBIE

HCIIBITAHHS
CaMOCTOSITENIbHAS
pabora

CnuH 3J€eKTpoHa.
4 |Yactuna BO BHEIIHEM 6 2 1 1 2
3JIEKTPOMArHUTHOM TIOJIE.

3amanus 1id
CaMOCTOSITETbHON PaOOTHI
[IpuGmKxeHHbIC METOIBI

5 |KBaHTOBOUW MEXaHUKH. 6 4 6 1 4 TecT Ha caMOIIPOBEPKY
Teopust Bo3MyIIeHUH 0 pa3jenaM TeMbI
B DOYK «KB. MexaHHnKa»
B LMS Moodle
03| 9,7 3aueT
HUTOIro 108 uacos 34 | 34 4 |03 | 35,7

Conep:xxanue pa3aesioB IUCHUNIHHBI:

1. Beenenue. MecTo KBaHTOBOH MeXaHMKH B (pusnke.

1.1 Cocrossnue ¢usuku xk 1900 r. DkcnepuMeHTalbHbIE NaHHBIC, MPHUBEAIINE K CO3TaHHIO
KBAaHTOBOH MeXaHUKU. MecTo KBAaHTOBOH MeEXaHUKUM B (HU3UKE. YCIOBHS NPUMEHUMOCTHU
KBaHTOBOW MEXaHUKH.

1.2 T'unotesa ne bpoitnsa. Bonuel ge bpoiinsa. KoprycKyisipHO-BOJHOBOM 1yainu3Mm.

1.3 BonnoBass ¢yskuus. [lpunnun cynepnosunuu. PasmoskeHue BOTHOBOW (YHKIUU 110
TIOCKUM BoJiHAM e bpoiins. Cratuctudeckas HHTEpIIpeTanus BOJTHOBOHM (yHKuu o bopHy.
EctecTBeHHblE yClIOBUS, HajaraeMble Ha BOJIHOBYIO (yHkuuioo. BonHoBas QyHkuus B
KOOPJIMHATHOM U UMITYJIbCHOM IPECTaBICHUSAX.

1.4 IIpaBuno kBanToBaHus bopa-3ommepdenbaa.

2. MarteMaTuyeCKHil annapaT KBAaHTOBO MeXaHUKH.

2.1. Onmcanne GU3HYECKUX BEIIMYUH OrleparopaMu. Ayredpa ornepaToposB.

2.2 Cpennee 3HavyeHHe (U3MYECKON BEIMYMHBI B KBAHTOBOW MexaHuke. Omeparopsl
KOOPJIMHATHI U UMITYJIbCA B KOOPAUHATHOM M UMIYJIbCHOM IpeacTaBieHusX. OnepaTop MOMEHTa
UMITYJIbCa, KHHETUYECKON U MOTEHIIMAIbHON SHEPTUU, TAMUJIBTOHUAH.

2.3 Ilonsarue orepaTopa, SPMUTOBO COMNPSIKEHHOIO K JaHHOMY. CaMocOnpsKEeHHBIE
(3pMutoBbie) omepaTopbl. CaMOCOMPSHKEHHOCTh OINEPAaTOPOB, OMHUCHIBAIOMINX (U3UIECKUE
BEJINYUHBI.

2.4 Oneparopsl ~ OTKJIOHEHUS OT  CpelHEro 3HaueHus  (U3MYECKOW  BEIWYMHBI U
CpPEeIHEKBaIpaTUYHOrO0 OTKJIOHEHUs. (COOCTBEHHBIE 3HAYEHHUS U COOCTBEHHBIC (PYHKIIUU
SPMHUTOBBIX OINEPATOPOB U MX CBOMCTBA. JIMCKPETHBIN, HEMPEPHIBHBIA U CMEIIAHHBIA CHEKTPHI.
[Tpumepbl HaxokJIeHHsT COOCTBEHHBIX 3HaueHHH omepartopoB Px, Mz. OcHoBHbIE CBOiicTBa



COOCTBEHHBIX (YHKUUH SPMUTOBBIX OINEPATOPOB B CIIy4ae IUCKPETHOIO U HEMPEPBIBHOTIO
cnekTpoB. HopmupoBka BOTHOBOM ()yHKIIMH HETIPEPHIBHOTO CIIEKTPa HA O -PyHKIUIO.

2.5 YcnoBue BO3MOXHOCTH OJHOBPEMEHHOTO TOYHOTO HM3MEpPEHHs] HECKOJbKUX (PU3HMUECKUX
BEJIMYMH B OJHOM COCTOSIHMM cucTeMbl. OmpeneneHue BOJHOBOH — (pyHKIUHM (COCTOSTHMSA)
MHUKPOOOBEKTA IOJHBIM HA0OpPOM HE3aBHCHUMBIX (U3NYECKUX BEIMYHH, XapaKTEPH3YIOIINX
BHEIIIHUE YCIIOBHSL.

2.6 CooTHOIIEHHE HEONpeAeIeHHOCTe Uil (U3UYECKUX BEJIWYMH. BBIBOJ COOTHOLIEHHUS
HEOIpeIeIEHHOCTE! U3 anmnapara KBaHTOBOM MEXaHUKH.

2.7 YpaBuenue Illpeaunrepa. CraumonapHoe ypasHeHue Illpeaunrepa. Bua BomHOBOM
(GyHKIUY A7 CTalMOHApHBIX 3a1a4. COXpaHEeHUe MOJIHOM BEPOATHOCTH B KBAHTOBOW MEXaHUKE.
[110THOCTH TOKA BEPOATHOCTH. Y PaBHEHUS HENIPEPBIBHOCTH.

3. IlpuiioxkeHnsi KBAHTOBOI MeXaHUKH.

3.1 CBoboanas yactuna. Yactuia B NpsiMOyroJbHON MOTEHIIUAIBHOM sSMe.

3.2 OpHOMepHBIH TOTEHHHMANBbHBIN Oapbep. KoddduumeHTsl npoxoxaeHuss W OTpakeHUs
YacTUIbl NPHU JBMKEHUHM CKBO3b MOTEHUHUAIBHBIA Oapbep, MPHU YCIOBHM, YTO IOJIHAS SHEPTHS
YaCTHUIa MEHBIIIE BBICOTHI Oapbepa.

3.3 OgHomepHbIN rapMoHMUYecKuil ocuumiaTop. CHekTp SHepruM U BOJHOBBIE (YHKIHMU B
pemennu ypasHenus lllpenunrepa.

3.4 TIlpocTpaHCTBEHHOE KBAHTOBAaHUE MOMEHTA UMITyJIbCa.

3.5 OOmas Teopwsi TOBBIMIAIIMX WM TOHIKAIOIIMX ONEPaTOPOB B KBAHTOBOW MEXaHHKE.
[ToBblnaronye U MOHWXKAIOIIME ONEpaTopbl MOMEHTa mMmmyjibca. CoOcTBeHHbIE (QYHKIMHU U
COOCTBEHHBIE 3HAUECHUS OIlEpaTopa KBajpara MOMEHTA UMITYJIbCA.

3.6 OO0wiast Teopus JBUKEHHSI YACTHILIBI B TI0JI€ LIEHTPAJIbHBIX CHUIL.

3.7 JIBmxeHue B KyJIOHOBCKOM moJjie. Bogopoaomnogo0ubsie aTrombl. CEKTP SHEPTUH M BOJTHOBBIC
byHKITIH.

4. CnuH 3j1eKTpoHA. YacTUa BO BHEIIHEM 3JIEKTPOMATHUTHOM I10J1€.

4.1 CiuH  3neKkTpoHa. OKCIEPUMEHTAIbHOE OOOCHOBaHHE CYLIECTBOBAHHUS COOCTBEHHOI'O
MOMEHTa uMItyJbca 3nekTpona. OnwiT [Tepua-I'epnaxa.

4.2 Oneparop cnuna. Matpuusl [Taynu.

4.3 CoOcTBeHHBIE 3HA4YEHUS M (YHKIMM Oleparopa MPOEKIMU CIHMHA HAa OCHU JIEKapTOBOM
CUCTEMBI KOOPAMHAT.

4.4 Ypasuenue lllpenunrepa st 3J€KTPOHA B AJIEKTPOMAarHUTHOM TOJIE C YYE€TOM CIIMHA
(ypaBuenue [laynn).

5. Ilpudian:keHHbIe MeTOAbl KBAHTOBOW MeXaHUKHU. Teopusi BO3MYylIeHUI

5.1 Metox Teopun BO3MYILIEHUI B KBAHTOBOM MEXaHUKE

5.2 MeTton TeopuH BO3MYIIEHWW B CTAI[MOHAPHBIX 3aadaX C JAUCKPETHBIM CIHEKTPOM 0Oe€3
BeIpOKAEHUA. 5.3 Meroq TeopuM BO3MYLIEHHH B CTAlMOHApHBIX 3a/Jadax C JUCKPETHBIM
CHEKTPOM IIPU HAJTUYUU BBIPOKICHUS.

5.4 PacuienyieHne  CHEKTPAJIbHBIX  JIMHMM  BOJOPOJAONMOAOOHOTO aroMa BO  BHELIHEM
anektpudeckom noise. Dddekr ITapka.

5.5 Pacmiernienue CHeKTpaibHbIX JTUHUHA BOJOPOJONOJIO00HOIO aToMa BO BHEIIHEM MarHUTHOM
nojue. Dpdexr 3eemana.

5.6 BnusiHe KOHEUHBIX Pa3MepOB sIpa BOJAOPOIONIO0I00HOTO aTOMa Ha €ro CIIEKTP.

5. O0pa3oBaTe/ibHbIe TEXHOJOTMH, B TOM YHCJI€ TEXHOJOTHH IJIEKTPOHHOI0 OOyYeHUS H
AMCTAHIMOHHbIE O00pa3oBaTe/ibHbIE TEXHOJOIHH, HCHOJb3yeMble MPH OCYIIECTBJICHUH
00pa3oBaTeIbHOIO MpoIecca Mo JUCHUNIUHE



B mpornecce 00yueHHs HCTIONB3YIOTCS CIEAYIONIIE 00pa30BaTENbHBIE TEXHOIOTHH:

BBoaHnas JieknuMss — 3TO NepBas JEKUUA N0 AucHUIUIMHE. OHa JaeT MepBoe LEN0CTHOE
IPEJCTaBICHUE O JUCHUIUIMHE WU OPHEHTUPYET CTYAEHTAa B CHCTEME M3y4YeHUs JaHHOU
JUCHUIUIMHBL. CTyJEHTBI 3HAKOMATCS ¢ Ha3HAUYEHUEM U 3aJja4aMHU Kypca, €ro poJIbl0 U MECTOM B
CUCTEME Yy4YeOHBIX [WUCUUIUIMH U B CHCTEME IOArOTOBKM B 1enoM. Ha a3Toil nexuuun
paccka3bIBaeTCs 0 METOAMYECKUX U OPTaHU3ALMOHHBIX OCOOCHHOCTSAX pabOThl B paMKaX JaHHOM
JVICIATUTAHBL, @ TAKXKe JAaeTCs aHAJIN3 PEKOMEHAYEMOH I €€ OCBOCHUS yueOHO-METOIMIECKOM
JIUTEPATYPHI.

AkajeMuyecKkasi JIeKIUsl C JJIeMEHTAMH JeKIuu-0eceabl — I0OCIEJOBATEIbLHOE
M3JI0’KEHUE MaTepHalla, OCYLIECTBIIIEMOE TPEUMYLIIECTBEHHO B BUE MOHOJIOra IIPENnoaaBaTels.
OnemMeHThl JeKIuu-Oeceabl 00ecneyrBarOT KOHTAKT TPEnojaBareiss C ayJUTOpHEH, dYTo
NO3BOJISIET TPUBJIEKaTh BHUMAHUE CTYJICHTOB K HauOoyiee BaXKHBIM TeMaM JIUCLUIUIMHBI,
aKTUBHO BOBJICKaTh MX B YYEOHBIH MpoIlecC, KOHTPOJIUPOBATH TEMIT H3JIOKEHHS Y4eOHOTO
MaTepuasa B 3aBUCUMOCTHU OT YPOBHS €r0 BOCIIPUATHS.

IIpakTnyeckoe 3aHsITHE — 3aHITHE, MTOCBAIIEHHOE OCBOCHUIO KOHKPETHBIX YMEHHUM U
HaBBIKOB I10 3aKPEIUICHUIO MTOJTyYEHHBIX Ha JICKIUU 3HAaHU.

KoncyabTanmum — BHJ Y4eOHBIX 3aHATHHU, SIBISIFONIMIACS OJHOM M3 (OpPM KOHTPOIS
CaMOCTOAITENIbHOW ~ paboThl  CTyJAeHTOB. Ha KoHCynbTanmusx Mo MpockOe CTYJIEHTOB
paccmaTpuBaroTcs HauOoJsiee CIOKHBIE MOMEHTBHI NPU OCBOCHHMM MaTepHuallia TUCLUIUINHBI,
IIpenoAaBaTesib OTBEYAaeT Ha BOIPOCHI CTYAEHTOB, KOTOPbIE BO3HHUKAIOT y HHMX B IIpolecce
CaMOCTOSITENIbHOM pabOTHI.

B mponiecce 00y4eHUsT HCNOTB3YIOTCS CIEIYIOIINE TEXHOJIOTHH 3JIEKTPOHHOTO 00YYCHHUs
U TUCTaHLMOHHBIE 00pa30BaTeNbHbIE TEXHOIOIUHU:
JIeKTPOHHBIN y4eOHbIl Kypc «KBaHTOBas Mexanuka» B LMS ODieKTpOHHBINI
yHusepcurer Moodle SApI'Y, B koTopoM:
- TpeACTaBICHBl 3aJaHUs JJIsI CAMOCTOATENBHOM paboThl OO0ydYaromuxcs MO TeMaMm
JUCLUIUIMHBL U PEKOMEHJAlMU 110 UX BBIIOJIHEHHIO;
- OCYLIECTBJIIETCS IPOBEJIEHUE OTHCJIBHBIX  MEPONPUATHI  TEKYLIEro  KOHTPOJI
yCIIEBAEMOCTH CTY/IEHTOB;
- TIpeACTaBJICHBI IIPaBHJIa MPOXOXKIACHUS IPOMEKYTOUHOM aTTeCTAIUH 110 TUCIUIUIMHE;
- TpeACTaBI€H CHHCOK Y4YyeOHOM JuTepaTypbl, pPEKOMEHIyeMOH [UIsl  OCBOEHUS
JTUCLUTUTMHBL,
- npezacraBieHa MH(opManus o popMe U BpEMEHHU NMPOBENCHUS 3aHATHH U KOHCYJIbTALUN
10 AMCUUIUIMHE B CIIy4ae MPOBEIEHHs UX B JUCTAaHIIMOHHOM (opmare;
- mocpeAcTBOM  ¢opyMa  OCYIIECTBISCTCS CHHXPOHHO€ W (WIM) aCHMHXPOHHOE
B3aUMOJICHCTBHE MEXIy OOydYaloNIMMHUCS U TpernojaBaTeleM B paMKax HW3yYCHHS
JTUCIUTIIUHBI (MTPU HEOOXOMMOCTH).

6. IlepeyeHb JMIEH3MOHHOTO M (WJIHM) CBOOOJHO PACIPOCTPAHSIEMOr0 NPOrPAMMHOIO
o0ecneyeHusi, MCIOJb3yeMOr0 INPH OCYIIECTBJIEHHH O00pa30BaTeJbHOI0 IMpouecca 10
AUCHUILINHE

B mpomecce ocymectBieHus — 00pa30BaTENBHOTO — Mpoliecca IO JUCIHIUIHMHE
UCTIONB3YIOTCS:

it POPMHUPOBAHUSL MATEPHAJIOB Il TEKYLIET0 KOHTPOJIS YCIeBAEMOCTH M MPOBEIACHUS
IPOMEKYTOUHOM aTTecTaluy, A1 (OPMUPOBAHUS METOIMYECKUX MAaTEPUAIOB 110 AUCLUILINHE:

- mporpammsl Microsoft Office;

- m3maTenbcekas cucrema LaTex;

- Adobe Acrobat Reader.

Jns  opMupBoaHust 3JIEKTPOHHOrO yueOHoro Kkypca «KBaHTOBas MexaHUKa»
UCIIOJIB3YETCSl CUCTEMA YNPABIEHUS IEKTPOHHBIMU KypcamMu LMS DileKTpOHHBIN yHUBEPCUTET
Moodle SpI'Y.



7. IlepeyeHb COBpeMEHHBIX MNPO(QeCcCHOHAIBHBIX 0a3 JaHHBIX M HH(POPMANMOHHBIX
CIIPABOYHBIX CHCTEM, HCIO0JIb3YyeMbIX NPH OCYLeCTBJIeHUN 00pa30BaTeIbHOIO0 Mpolecca 1o
AMCHMILINHE (IPH He00X0AMMOCTH)

B mpomecce ocymectBieHus — 00pa3oBaTENbHOrO — MIpolecca M0 JUCLMILIIMHE
UCIIOJIB3YIOTCS:

ABToMaTtusupoBaHHasg ~ OuOnIMoTeuHO-uHPOpManmonHas cucrema «bYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

OnexTpoHHas Oubnuoreka oopazoBaTenbHOi maTgopmsl FOpaiT https://urait.ru/

8. IlepeyeHbr OCHOBHOII W  /IONMOJIHUTEJbHOW  y4eOHOH JIMTepaTypbl, pecypcoB
HH(OPMANIMOHHO-TEJIEKOMMYHUKANMOHHOH ceTH «HMHTepHeT» (NIpPU HEOOXOAMMOCTH),
PeKoMeHAyeMbIX /IJIS 0CBOCHHUS AU CHHUIIINHBI

a) OCHOBHAasI TUTepaTypa
1. Eppemos 10.C. KBanroBas mexanuka. Mocksa. FOpaiit. 2024
https://urait.ru/viewer/kvantovaya-mehanika-539571#page/l (3meKTpOHHBIN pecypc)

0) 10MOJIHUTE/IbHAA JIUTepaTypa

1. brnoxunnes [I.1. OcuoBbl kBanTOoBOM Mexanuku. CII0.: Jlans, 2004.

2. laBeiioB A.C. KBanTtoBas mexanuka. M. Hayka, 2007.

3. Hapoinckasa E.H. MeTtonnyeckue ykazaHus K peLICHHIO 3a7a4 10 KBAHTOBOM
MeXxaHuKe. YueOHo-MeTonuueckoe nocooue. Spocnasis. SApl'Y, 2019.
http://www.lib.uniyar.ac.ru/edocs/iuni/20190705.pdf (3meKTpOHHBIIA pecypc)

4. IloBapoB A.B. IloBblmaronuii ¥ TOHMKAIOIINI ONEpaTOPbl B KBAHTOBOM MEXaHHUKE.
Mertoanueckue ykazanus. Spocnasib. SApl'Y, 2010.
http://www.lib.uniyar.ac.ru/edocs/iuni/20100757.pdf (3neKTpoHHBII pecypc)

9. MaTepunajbHO-TeXHH4YecKasi 0a3a, HeoOXxoauMast VIl OCyLeCTBJICHUsSI 00Pa30BaTeJbHOIO0
npouecca no JUCHUIINHE

MarepuanbHo-TeXHUYECKass 0a3a, HeOOXOoauMast ISl OCYIIECTBICHHsI 00pa30BaTEIHLHOTO
mporiecca 1o JUCIUIUINHE BKIIFOYAeT B CBOM COCTAB CIIeIUaIbHbIC TOMEIICHUS:

- yueOHbIe ayAUTOPUH IJI IPOBEICHUS 3aHATHH JIEKIIMOHHOTO TUIIA;

- yueOHbIC ayIUTOPUU JJIs TPOBEICHUS IPAKTUUECKUX 3aHATHIH;,

- yueOHbIe ayAUTOPUH I TPOBEICHUS TPYNIOBBIX U MHINBUIYabHBIX KOHCYJIbTAIIHIA;

- yueOHbIC ayAUTOPHH [UIS TPOBEACHHS TEKYIIErO KOHTPOJISS M TMPOMEKYTOUHOU
aTTecTalluu;

- IOMEMICHHUS TSI CAMOCTOSITEIHbHON PadOTHI;

- IOMEIICHUs JUIS XpaHEHUsT U NPOPHIAKTHUECKOTO OOCITYyKUBAaHUS TEXHUYECKHX
CpencTB 00ydeHHSI.

CriennanbHble TOMEIIEHUS! YKOMILJIEKTOBaHbl CpPelCTBaMU OOy4YEHHs, CIyKalluMU st
npezcTaBiIeHus yueOHoi nHpopMannu OOJBIION ayAUTOPUH.

[Tomemenust 1y1si CaMOCTOATENBHON PabOThl O0YYarOMIMXCS OCHAIEHBI KOMITBIOTEPHOM
TEXHUKOW C BO3MOXKHOCTBIO MOJAKIIOUEHHUsI K ceTu «VHTepHeT» u obecreueHueM JocTymna K
AJICKTPOHHOM MH(POpMAIMOHHO-00pa3oBaTeabHOM cpene Apl'Y.

ABTOD:

JoueHt xadenpsl
TEOpETHYECKON Pu3nKH, K.().-M.H. E.H. Hapsinckas

00NIHCHOCMb, YYeHas cmenetb noonucw H.0. Damunus



IIpunioxkenne Ne 1 k padoyeii mporpamMmme M CHHIIIMHBI
«KBaHTOBasi MEXaHUKa»

®oHJ O1IEHOYHBIX CPEICTB
A1 IPOBe/IeHNsl TeKylero KOHTPOJIsA yCleBaeMOCTH
U MPOMEKYTOYHOM aTTecTAlMHU CTYACHTOB
10 AUCHMILIHHE

1. Tunosble KOHTPOJIbHBIC 3aJaHUA H MHbIC MaTepHaJIbI,
HCII0Jb3YEMbIE B IPOLIECCE TEKYIIECT0 KOHTPOJIA YCIIEBAEMOCTH

3agaHus AJ1sl CaMOCTOSITEIbHOI PadoThI
(Oanmuble 3a0aHUsl BbINOIHAIOMCI CIYOEHMAMU CAMOCIOSMENTbHO
u npenoodagsameinem 8 0033ameabHOM NOPsAOKe He NPOBEPSAIOMCSL)

3ananns no teme Ne 1 «BBegenune. MecTo KBAHTOBOM MEXaHUKH B (PU3HKe»:

Paznen 1.4: ucnone3ys npaBuiio kBanToBaHus bopa-3ommepdensaa, HaiiTh:

- YPOBHH SHEPTHMM YaCTHI[BI MAacChl m C 3apsoM (, JABUTAIOMICHCS B TMOCTOSHHOM
OJIHOPOJTHOM MarHUTHOM II0JIE;

- CIIEKTp DHEPTHH BOJOPOIONON00HOTO aroma. PaccMOTpeTh Ciydail SUTHNTHYSCKIX
opouT.

3ananns no teme Ne 2 «MareMaTHYeCKUH annapaT KBAHTOBOW MeXaHUKM»:
Pazpmen 2.2: HaiiTu BeIpaskeHHE Ui ONEPATOPOB KOOPJIUHATHI X M MPOCKIIMH MMITYJIbCa
P, B UMIIyJIbCHOM IIPEJCTABICHHH;

Pazpenbt 2.1-2.2: BBINOAHUTH 3aJaHUsS JUIsl CAMOCTOSITENIBHOTO pELIeHMs] K TaBe 2.
OmnepaTopbl B KBaHTOBON MexaHuke. Anredpa omepatopoB. Ne 1-9 (ctp. 31) u3 yueOHO-
METOMYEeCKOro mnocobus «MeTonudyeckue ykKa3zaHus K pELIEHUIO0 3aJad [0 KBAaHTOBOU
mexanuke» / E.H. Hapsiuckas / Spl'Y, 2019.
http://www.lib.uniyar.ac.ru/edocs/iuni/20190705.pdf

3ananns no teme Ne 3 «IIpujioxkeHusi KBAHTOBOW MEeXaHUKW»:

Pazpen 3.2: [IpoBeputh, 4To cymma koddduimeHToB mpoxoxaeHus D u orpaxenus R
paBHa 1.

Pazgen 3.5: C mOMOIIBIO TMOBBILAKOIIET0O M TMOHMKAIOIIETO ONEpaTopoB HANTH
cheprueckne GyHKuu Y, (6,¢) U KBAHTOBOTO COCTOSHUS ¢ 1=2.

3aganus no teme Ne 5 «IIpudan:keHHBbIEe METOABI KBAHTOBOH MEXaHMKH»:
Paznien 5.5: Haiitu paciieruieHue CreKTpaabHBIX JMHUH BOJAOPOAONOJ00HOIO aToMa BO
BHEIITHEM MarHuTHOM noJie (3¢ dexT 3eemana) st cirydas n=1.

Tect ny1g camonpoBepku
1o padore ¢ onepaTopaMu B KBAHTOBOM MeXaHUKe
(tect mpoBoantcsa B DYK «KBanToBas mexanuka» B LMS Moodle)

B Tecre mpeacTaBneHsl 3ajaHKs HA IPOBEPKY 3HAHUH anreOpbl ONEpaToOpoOB, HABBIKOB U
yMeHu# paboThl ¢ onepaTopamMu. TeCT COAEPKHUT TEOPETUUECKUE U BBIYMCIUTEIbHbBIE BOIPOCHI.
B Tecte 18 BompocoB. IIpaBuibHbII OTBET Ha KaKIblii Bompoc oueHuBaercs B 1 6amn. Bpewms
IPOXOXACHNUS TECTa HE OrpPaHUYMBAETCS. Bompochl MOKHO NpOMyCKaTh M BO3BpalIaThes K



OTBETYy Ha HHX MO37HEE. Marepuan CUMUTAeTCsl OCBOSHHBIM, €CIH TI0 pe3yjIbTaTraMm
HaOpaHO He MeHee 15 GaioB.

ITpuMepHBIE BOOPOCHI TECTA:

Bompoc 1  Omeparop A=x + 0/0x sBasercs

1) nuHEeNHbIM;
2) ¥ TUHEHHBIM, H CAaMOCOTPSKEHHBIM;
3) HE TUHENHBIM, HE CAMOCOIIPSIKEHHBIM.

Bompoc 2 Kommytarop [M 2, A;Ii l.rnei=x,vy,7

1) paBeH HymO TIpH 1 =X, Y, Z;
2) He paBeH HYIIIO MPH JOOBIX i;
3) paBeH HyJIIO TIpH 1 = Z.

Bormpoc 3 CaMocomnpshkeHHOCTh ONIEPaTOPOB, M300paKaAIUX PU3NICCKYIO BEJIUIHHY,
ABIIETCS CIEJICTBUEM TPeOOBaHUS

1) coxpaneHuem (puU3NYECKON BEIMYUHBI C TCUEHUEM BPEMEHU;

2) paBeHCTBA HYJIO OTKJIOHEHHUS OT CPEHEr0 3HaYCHUS (PU3NIECKOM BETUUYHHBI;

3) BEIIECTBEHHOCTH CPEAHETO 3HaUEHUs (PU3NUECKOIN BEJIUUUHBL;

4) HeT MPaBUIBLHOTO OTBETA.

Bompoc 4 KommyTarop [x°, M ] paBex
1) —3ihzx’;

2)3ihzx’

3)0.

Bompoc 5 Omneparop, 5pMHUTOBO CONPSIKEHHBIH K oneparopy A = sin @ -0/0¢ _paBeH
1) A" =—sing-0/0¢

2) A" =—cos g

3) A" =—cosp—sing-0/d¢

A~

Bomnpoc 6 /IBa oneparopa 4 1 B _KOMMYTHPYIOT. 9TO 03HAYAET, YTO

1) onepatopsl 4 U B — caMOCONPSKEHHBIE;

Py A

TECTA

2) ¢u3nueckue BEIMUMHBI, COOTBETCTBYIOIINE oniepaTopaM A4 U B MOryT ObITb OJHOBPEMEHHO

HN3MCPCHBI;

3) onepatopsl 4 U B - BEIIECTBEHHBIE;

4) HET MPaBWJILHOTO OTBETA.
2

0
Bompoc 7 Oneparop ™ V| uMeeT BUA
Y

82
1 3,2
) o y
2) 1

2

9, >
3)1+3y —+y" —
) yay d oy’



Bompoc 8 Ecau aBa oneparopa KOMMYTUPVIOT, TO OHU 00J1a1aF0T OAUHAKOBBIM HA00OPOM

COOCTBEHHBIX QYHKIIUI

1) BepHO
2) HEBEpHO

IIpaBuJjbHBIEC OTBETHI

Bonpoc Ne | Bapuant Bonpoc Ne | Bapuant
OTBETa OTBETA
1 1 5 3
2 1 6 2
3 3 7 3
4 2 8 1

CamocrosiTeibHas padora Ne 1
(nposepka cpopmuposannocmu OIIK-1, unoukamop H/[-OIIK-1_3
(6 uacmu ymeruti pabomsi ¢ onepamopamis))

CamocrosTensHas pa60Ta MMPOBOAUTCA Ha MMPAKTUYICCKOM 3aHATHH.

IIpumeps! 3aganuii:

1.

Bapuanr 1
PackpbITh CKOOKH B OIIEpPAaTOPHOM BBIPAXKEHUU:
o1y
ox x
BoruncnuTs crienyomnye KOMMYyTaToOpbIL:
o _ .
—.,6x° |, [V, r? M
2

op°

Haiitu onepatop, 5pMUTOBO-CONPSIKEHHBI orneparopy A =

Bapmuanr 2
PackppITh cCKOOKM B OIEpaTOPHOM BBIPAKEHUU:
2
4 y
oy
Brrauciauts CJICAYIOIMEC KOMMYTATOPHI:

[%,cos@sin(o } [67(7'5)’7]7 [f’y’Mx]

2

Haiitu onepatop, 5pMUTOBO-CONPSIKEHHBI oniepatopy A4 =i ay_2



IIpaBuiia BEICTABICHHUS OIICHKH I10 PE3YJILTaTaM CaMOCTOSTEILHOMN Da6OTHI

OneHka mo pe3ysibTaTaM CaMOCTOSITENIbHOM paboThl cUMTaeTCsl B 6alIax Mo CenyoeMy
MIPHUHIIAITY : TIPABUJILHO BBITIOJTHEHHOE
- 3aganue Ne 1 — 2 6ama;

- 3aganue Ne 2 — 1 kommyTartop —1 0asmi, 2 kommyTaTop — 3 6aia, 3 kommyTarop — 2 Oasia;
- 3amanue Ne 3 — 2 Oayuia.

Kaxxnoe u3 3aganuii MOKET OBITH OICHCHO IMOJIOBUHOW 3asIBJICHHBIX 110 HEMY OaylioB, B
Clly4ae, KOrJla MpU €ro BHINOJHEHUH TMPABUIBHO TMPUMEHEHO ONpe/esieHne oreparopa
(koMMyTaTOpa U T.1.), IPABWIHHO MCIOJIB30BaHbl CBOMCTBA OMEpaTOpoB (KOMMYTATOPOB H T.1.),
HO MMEIOTCS OIIHUOKU B YHCIEHHBIX pacyeTax.

[TosHOCTBIO HEMPABUIILHO BHIIOJHEHHOE 3aaHue — 0 OayioB.

MakcuManbHOE KOJIMYECTBO OAJIOB MO UTOraM CaMOCTOATEIbHOU paboTsl — 10 6aios,

Habpannoe konndectBo 6ayuioB - 9-10 COOTBETCTBYET OLIEHKE «OTIMYHO», 7-8 OaioB —
OILICHKE «XOpOUIO», 5-6 0alJIOB — OLEHKE «YyJAOBJIETBOPUTEILHO», MEHEee 5 0allsioB — OIEHKE
«HEYJIOBJIETBOPUTEIbHO» (YMEHHMsI Ha JaHHOM dJTale€ OCBOCHUS JUCHMIUIMHBI — HE
c(hOpMHUPOBAHBI).

IIpaBuia BeICTaBJIEHHUS OLIEHKH 10 PE3YJILTATAM CAMOCTOITEILHON PaOOTEL:

OreHka 1o pe3ybTaTaM CaMOCTOSTEIILHON pabOTHl CUUTAaeTCs B Oaiuiax Mo KaxIoMy
3aJJaHHIO TI0 CIICIYIOMIEMY TIPUHIIHITY

- IPaBWJIbHO BBIMOJIHEHHOE 3ajaHue — 4 Oama;

- TP BBITIOJIHEHHUH 3aJIaHUS TIPABUIIBHO TIPUMEHEHO OIPEISIICHUE MATPHYHOTO AJIEMEHTA
orepaTopa, MPaBUIBHO HCIOJIB30BaHBI CBOWCTBA ONEPATOPOB M BOJHOBHIX (DYHKIUN, HO
MMEIOTCS OIMOKH B YHCIIEHHBIX pacyeTax — 3 Oaa;

- TIpY BBITIOJIHEHUU 33JIaHUS TPABWIIBHO MIPUMEHEHO OMpeelieHne MAaTPUYHOTO dJIEMEHTa
orieparopa, ¢ OIMMUOKAMH HCIOJIB30BaHbl (MJIM HE WCIOJb30BaHbI) CBOMCTBA OIEPATOPOB U
BOJIHOBBIX (DyHKIMU — 2 Oasia;

- TpU BBHIOJHCHUM 3aJaHHs HEMPAaBUIBHO NPUMEHEHO OIPEIeICHUe MaTPHYHOTO
DJIEMEHTA OllepaTropa, HE WCMHONb30BaHbl (WM HENPaBUIBLHO HCIIOJIIB30BAHBI) CBOMCTBA
OTIEPAaTOPOB M BOJHOBBIX (pyHKIMI — () GamioB

Habpannoe xommuecTBo 0amuioB 7-8 COOTBETCTBYET OIEHKE «OTJIIMYHO», 5-6 OaljIoB —
OLIEHKE «XOpoIlo», 3-4 Gajia — OLEHKE «YJOBJIETBOPUTEIBHO», MeHee 3 0alloB — OLIEHKE
«HEYJIOBJIIETBOPUTEIbHO» (YMEHUS M HaBbIKM Ha JAHHOM 3Tall€ OCBOCHUS JUCLHUIUIMHBI HE
c(OpMHUPOBAHBI).

2. IlpoMexyTouHasi aTTecTalus MO JUCUMILIHHE.

3a4eT BBICTABISACTCS [0 HTOTaM BBIIOJIHEHHS TECTA.

Tect comepKUT Kak TEOPETUYECKHME BOMPOCHI, TaK M BblUMCIUTENbHbIE. B Tecte 30
BOIIPOCOB, 32 MPABIILHBIA OTBET HA KXKIBIA Bompoc Aaetcs 1 6amn. Ha xaxapiit Bompoc aaercs
ogHa momnbiTka oTBeTa. Ha mpoxoxknenue tecta gaerca Bpems 1,5 uwaca. OneHka «3ayer»
BBICTABIIACTCS CTYJCHTY, HaOpaBiieMy He MeHee 22 OallJIOB [0 UTOTaM TECTUPOBAHUSI.

TectupoBanue npoBoautcsa B OVK «Kpantosas mexanuka» B LMS Moodle.



IIpuioxkenne Ne 2 k padoyeil mporpaMmme M CHHIIIMHBI
«KBaHTOBasi MEXaHUKa»

MeTtoauyeckue ykazaHus AJsl CTY/IEHTOB M0 OCBOEHUIO TUCIHUTLIUHBI

OcHoBHOU (opmoli M3IIOKeHHs y4eOHOTO MaTtepuaia To auciuiuimae «KBaHTOBas
MEXAHHUKa» SBIAIOTCA JIEKLIUU. JTO CBS3aHO C TEM, YTO B OCHOBE KBAHTOBOW MEXAHHUKHU JIEIKUT
0COOBIi MaTeMaTHYECKUM ammapaT, ¢ HNOMOUIbI0 KOTOPOIO KBAHTOBas MEXaHHWKA peIlaeT
JIOBOJIBHO ~CIIOKHBIE M TpoMo3akue 3afaud. I[lo OoJbIIMHCTBY TeM HpeayCMOTPEHBI
IIPAKTUYECKHUE 3aHATHUS, HA KOTOPHIX MPOUCXOAUT 3aKPEIUIEHUE JIEKLIMOHHOIO MaTepuana ImyTeM
OPUMEHEHUs €ro K KOHKPETHbIM (M3MYECKMM 3aJjayaM M OTpabdOTKa HaBBIKOB pPabOThl €
MaTEeMaTHYECKHUM aIlllapaToM KBaHTOBOW MEXaHUKHU.

JUIsl yCIIeIHOro OCBOEHUS TUCLMILIMHBI OYeHb BaXKHO PEIICHUE JI0CTaTOYHO OOJIBLIOro
KOJIMYECTBA 3aJ1a4, KaK B ayJUTOPUH, TaK U CAMOCTOATEIbHO B KaYECTBE JOMAIIHHUX 3a/JaHUM.
[Tpumepsl pemeHuss 3ajnad pa3OuparoTCs Ha JIEKIMAX M HPAKTUYECKUX 3aHATUAX, HOpU
HEOOXOIMMOCTH 10 Hamboyiee TPYIHBIM T€MaM TPOBOISTCS JONOTHUTEIbHBIE KOHCYJIbTAIHH.
OcHOBHas Liedb peleHHs 3ajad — MOMOYb YCBOUTh (PyHIaMEHTAJIbHbIE IMOHATHUS M OCHOBBI
MaTEMaTHYECKOI0 anmnapaTa KBaHTOBOW MEXaHUKH.

3agaHus Ui CaMOCTOSATENIBHOTO pelieHHs (POpMYTUPYIOTCS Ha JIEKLUAX U IPAKTUYECKUX
3aHATUSAX. B KadecTBe 3aaHuil [UII CaMOCTOATENBHOM pabOThI JoMa CTYACHTaM IpeIararoTcs
3aJa4u, aHaJOrMYHbIE pa300paHHbBIM Ha JIEKIUAX U MIPAKTUYECKUX 3aHATHIX WM HEMHOTO OoJjiee
CJIOXHbBIE, KOTOPBIE SIBIISIFOTCS PE3YJIbTATOM O0ObEIUHEHHS] HECKOJIBKMX 0a30BbIX 3a1ay. [lomHbiii
CIMCOK 3aJlaHUH JUIsl CAMOCTOSITENIbHOM paboThl O TeMaM (pa3jenaM) JUCLUIUINHBI IPUBEJIEH B
OVYK B LMS Moodle «KBanToBass mexaHuka». Bompocel, BO3HHKAIOIIKUE B MPOIECCE WIN TIO
UTOraM peIlIeHus ITHX 3aJla4, MOXKHO 3aJaTh Ha KOHCYJbTalusAX win B ¢popyme (dare) B OYK B
LMS Moodle.

Jis caMocTOsTeNbHOM paboThl, B TOM YHCIE U IOBTOPAa Pa300paHHOIO JIEKUUU HU
IPAKTUYECKUX 3aHATUSAX MaTepuasa IepBOro CEMeCcTpa U3y4eHUs AUCLUIUIMHBI PEKOMEHIYETCs
UCIIOJIb30BaTh y4eOHO-MeToIn4ecKoe nocodue «MeToauueckue yKa3aHus K PEeLIeHUIO 3a/1a4 110
kBaHTOBOHM MexaHuke» (aBtop E.H. Hapreinckas), 2019 ron uznanus. Jlannoe nocoOue coOCTOUT
U3 YETBIPEX Pa3feiioB, B KOTOPBIX PACCMATPHUBAIOTCS 3aJa4d HA HCIOJb30BAaHUE OCHOBHBIX
NOHATHH amnmapaTa KBaHTOBOW MeEXaHUKH. MaTepuan KakJIoro pasjeia BKIO4YaeT B cels
KPaTKO€ H3JIOXKEHHE TEOPETUYECKOro MaTepuana II0 3aJaHHOM TeMe, KOTOPBIM 3aTeM
WITIOCTPUPYETCS NOAPOOHBIM pelICHHEeM THIHMYHBIX 3a1ad. B 3akioueHue KakJaoro pasiena
IIPUBOJATCS 3aJaHUs ISl CAMOCTOSITEIIBHOTO PEIIEHUs], OTBETHI K ATUM 3aJaHUAAM U YKa3aHHS 110
UX PELICHUIO IPUBEJCHBI B KOHIIE JAHHOTO Y4eOHO-METOAMYECKOI0 TOCOOuSI.



