MATEMATUYECKUE OCHOBBI KBAHTOBOW MEXAHUKU 2024

Pekomenayembiii cpok coaum 23 okradpss 2024r.

1. Yacruma npuzKkercs B pa30BOM IPOCTPAHCTBE ¢ KAHOHMIECKUME KOOPIUHATAMA T = {mi}¢:17273 €
3 = 3
R®, = {piti=123 € R°.

a) Boruancinre ckobku Ilyaccona KOMIOHEHT BEKTOPaA
By = f(@ 5% @i + (T-D)pi, i=1.2,3,

C KOMIIOHEHTAMH BETOPa MOMEHTa UMITY/Ibca dactunbl M = Z X p, cuntas, aro f(z,y) —
HenpepwiBHO muddepenimpyemast QyHKINA CBOUX apTyMEHTOB.

6)* Cuuras, 4TO AMHAMHMKA YACTHILI 3/1A€TCsI TAMUTLTOHHAHOM
~2 )
H = p* + U(@*),

rae norernman U € C 1(R+), HaliuTe BCe BO3MOXKHBIE Tapbl Qyukiuit f u U, npu KOTOPHIX

—

KOMIIOHEHTEI BEKTOPa B asngrorca HHTErpajiaMy IBUKEHHUA TaCTHIIBI.

B) Berumciure ckobku [lyaccora KOMIIOHEHT BEKTOpa B: {B;, Bj}, i,j =1,2,3, B cay4ae, Koraa
f — mpousBosibrasa dyukims. [logcrasbre B mostyuertbie (OPMYJIbl BhipaXkenune jyist f w3
nyHKTa 6) 1 BeIpasuTe ckoOku Ilyaccona B TepMuHAX MOMEHTA UMIIYJIbCA M ¥ raMEILTOHHAHA
H gacrunpr.

TMozxckaska: B myHKTE 0) JOJYKHO IOy IATHCS, 9TO YACTULA JBUYKETCS B MOJI€ TATOTEHUS, & COXPAHSIONMIACS

BeKTOp B (€ TOYHOCTBIO JI0 CKAJISPHOIO MHOXKUTEJIs) siBjiseTcs Bekropom Jlamaca-Pynre-Jlenna.

2. Buyrpennue crenenun ¢Bo0O/bI 3aKPEIJIEHHON B NPOCTPAHCTBE KBAHTOBOH 4dacTullbl (CKazKeM,
9JIEKTPOHA B JIOBYIIKE) OMUCHIBAIOTCS HOPMUPOBAHHBIM BEKTOPOM 2-MEPHOTO KOMILIEKCHOTO TIPO-
CTPAHCTBA.

¢

o) = (5] ect llelP =L le?=1.

—

B srcmepuMenTe m3MepSIOTCS KOMIOHEHTBI BEKTOpA CIIUHA JACTHIBI S, 3a/7aBaeMble OTIepaTOPaME
S; = %ai, 1=1,2,3, tie o; — marpuisl [laymu:

01 0 —: 1 0
g1 = 02 = 03 =
1 0/’ 0 ’ 0 -1
KBaHTOBaH TJaCTUIld HaXOJUTCA B COCTOAHUU, ITPO KOTOPOEC U3BECTHO, YTO BEPOATHOCTD NMOJIYIUTDH
npu u3MepeHuyn HabumofaeMoil S| 3HaUeHHe § paBHa Loy —njp= sin?w, rae w € [0,7/2] — mapamerp
3a/1a4U.

a) Haiigure ofmuit Buj cocTosinust |¢), yAOBIETBOPAIONIEr0o yCJAOBHMIO 3ajgadn. OHOZHAYHO JIn
OHO OIIPEJIEIEHO?

Yxazanue. Ilpu pemenun 3a1auu 103a60TbTECh O BLIOOPE ONTUMAILHOIO 6asuca sekropos B C2.

6) st KayK0ro0 U3 MOCTPOEHHBIX B MyHKTE &) COCTOSHUN PACCINTANTE BEPOITHOCTD Psynya 11O
JIy4UThb NpH u3MepeHun Habiogaemoit Sy snauenue h/2. Tlpu Kakux yCJI0BUSX HA W BO3MOXK-

HO, 94TOOBI 7 O IHO3HAYHO JIN PUKCUPYETCA COCTOSTHHIE 3aJaHUEeM 3HAUYEHU
’ So

=nh/2 = pslzn/z
?
pslzﬁ,/Z u pS2:ﬁ/2 :



3. Buayrpennue crenenun CBOOOBI 3aKPEMIEHHON B MPOCTPAHCTBE KBAHTORBOH YaCTHUILI (HAPUMED,
aTOMa B KPUCTAJLIE) OMUCHIBAIOTCSI HOPMUPOBAHHBIM BEKTOPOM 3-MEPHOI0 KOMILIEKCHOTO MTPOCTPAH-
CTBA.

61
)= | 2| €C’  olP=)loif* =1.
¢3 (

—

B skcnepuMenTe m3MEpSIOTCA KOMIIOHEHTH BEKTOPA CIHHA, 9aCTHILL S, 3a0aBAEMBIE OIEPATOPAMHE
Si=hJ;,1=1,2,3, rue J; — 3 X 3 Marpuubsl BUAA

1 010 1 0 — 0 1 0 0
Ji=—| 101, Jo=—]|43 0 —i |, s=]100 0
V2 01 0 V2 0 2 0 0 0 -1
HeprLLHO IIPOBEPUTH, 9TO JJId S’l BBITIOJTHAKOTCHA KOMMyTaHHOHbIe COOTHOIIIEHU A
[5’1, Sj] = ih&‘ijkgk. (1)
ﬂI/IHaMI/IKa JacCTHUIbI 3a4a€TCAd OIIepaTOPOM Tlamuabrona
R 1 0 O
H=ww| 0 0 1
0 —2 0

a) Onpesennre BO3ZMOXKHbBIE PE3YJIBLTATH U3MEPEHUST SHEPTUM JACTHUILI U COCTOSTHUS, B KOTOPBIX
OHa MOZKET OKa3aTbCs MOCJAE W3MEPEHNUs].

6) C Kakoil BEPOATHOCTHIO MBI IOJIyYHM BCE BO3MOKHBIE 3HAUEHWs IPOEKINN couHa S3, ecim
JI0 U3MEPEHUs] CUCTEMA HAaXOJMJIACh B OCHOBHOM COCTOSiHUM (T.€., COCTOSIHUM C HAUHUBIIUM
3HAYEHNEeM YHEePTHUHN).

B) Berumcsmre cpejiaee 3HaYEHUE U JUCIEPCHIO TPOEKITUN CIIMHA S9 TPU M3MEDEHNY €€ B OCHOBHOM
COCTOSHUMN.

r) Tlpeamonaras, 4To B HaYa bHBIH MOMeHT Bpemenu ¢ = ( 4acTWIA HAXOAUIACH B COCTOSHUM

1
|po) = % 1 | ¢ paBHOBEPOSITHO pACIPeIe/IEHHBIM 3HAUEHUEM MPOEKITHN CIIuHa 53, Olpeie-
1

JINTE ee COCTOSHNE B IPOU3BOJIbHBI MOMEHT BpeMeHU. BbIunc/inTe BEpPOSiTHOCTb OOHAPYKUTH
YACTUILY B MOMEHT BPEMEHU ¢ CHOBA B COCTOSTHUH | ).

Memnsiercs Jin CO BpeMEHEM BEPOATHOCTH OOHAPYKUTH YACTUILY B COCTOSHUU C OIIPEEIEHHBIM
suadenueM sueprun’ Ilogemy?

;L) B ycnoBuax mymkTa r) OTIPEfIeJINTE CPEHee 3HAUCHNE MPOEKINN CIWHA S B MPOU3BOILHBIN
MOMEHT BPEMEHH t.

4. Buyrpennee COCTOSTHUE CUCTEMBI U3 IBYX B3AUMOICHCTBYIONNX KBAHTOBBIX YaCTHUIL OMMUCHIBACTCS
BEKTOPOM

V) @ o) eC? @ C?,

a ee IBOMIOIKMS BO BPEMEHU 33/a€TCA OnepaTopoM [ aMuIbTOHA,

R 1,50 52 N 1 4

H:£<S ST) + §s§1> + %S:S?),

5 (1) 5(2

rae S :=543®id u S :=1id®%7 — oueparopsl ciuna nepsoil 1 Bropoit yacTuip! (cM. 3a1ady 2).
IlepBoe ciraraeMoe TaMUJIBTOHUAHA ONMACHIBAET B3AMMOJEHCTBHE CIIMHOB YaCTHUII, & JBa MOCTIEIHAX
— JIEfiCTBHE Ha YaCTHUILI BHEITHETO0 MATHUTHOTO MOJIst, HAmpasaenHoro aosb ocu OZ. IMapaverp
B € R\ {0} xapakTepusyer MarHuTHOE IOJIE.



a)
6)

OHpe,Z[eJ'H/ITe BO3MOXKHBIEC 3HAYECHUA SHEPTIUU CUCTEMbI 1 OTBEYAIOIINE UM BEKTOPBHI COCTOAHMNA.

Kakmne 13 Haba01aeMbIX BETHINH

A~

(5= (3" 87)% g = e (87 &

COXPaHAIOTCA IIPU 3BOJIIOIUN CUCTEMBI BCQF,Z[&? KaKI/Ie COXPAHAIOTCA JINIIH IIPU OIIPEeAeJICHHBIX
3HaYEHnIX mapamMerpa 87

B mavanpneiit MoMeHT BpeMenu ¢ = 0 cucTeMa HaXOAUIACh B COCTOSHUN

wo) = (1],

Kaxkosa BepositHOCTH Hab1t01aTh B MOMEHT BpeMeHu ¢ cucremy B cocrostuun |U(t)) pasaoM

N (0. 0\ . (1. N, (1
0 1)’ 1 0)° 0 0

2N 2
JLst mabsrromaemoit (S ) — K6adPaMa BEAUBUHDL NOAHO20 CTIUHG CUCTMEMbL 2-T “4aCMULY, — OTIpe-
JeUTe ero MUHIMAJIBLHOE H MAKCHUMAILHOE BOBMOXKHBIE 3HAUEHNS, & TaKKe COCTOSHUS, B KO-

TOPBIX 3TH 3HAYEHUS HADIIOIATOTCS.
~ 92 ~2

—

B ycaoBuax mynkTa, B) paccunTaiiTe cpegHee 3HAYeHUe <S > W JUCIIEPCUIO A(S ) B MOMEHT
BpeMeHn T.

5. (meobGsizaresibHasi) OnpenessiiONnM CBOHCTBOM OMEPATOPOB S’i,i = 1,2,3, aadaiorcd
nx KoMmyTanuonuble coornomenus (1). Tlocrpoiite mpencrasienne omepaTopos cnuHa B 4-
MEPHOM KOMILIEKCHOM IIPOCTPAHCTBE, €CAN H3BECTHO, UTO S5 3a/186TCST IMATOHAIBHO MaTpH-
nel Buaa

S3 = diag{ 3n/2, h/2, —h/2, —3h/2}.

Tpuaymaiite npeacraBienre jid OMEPATOPOB CIUHA B KOMILIEKCHOM MPOCTPAHCTBE MPOU3-
BOJIBHON pa3MepHOCTH.



