MATEMATUYECKUE OCHOBBI KBAHTOBOW MEXAHUKU 2023

JINCTOK 3. MHOI'OMEPHBIE KBAHTOBBIE CUCTEMBI: YIVIOBOII MOMEHT U CIIMH,
TOXKAECTBEHHBIE YACTHIIBI.

cpok caaun 10 mexabps 2023r.

1. Oxnoit n3 HaOIIOAAEMBIX XapPAKTEPUCTHK KBAHTOBOMEXAHUYECKONW CHUCTEMBI SIBJISI-
ercss ee MOMEHT MMITyJIbcal, 3aJaBaeMblii BeKTOpHBIM omepaTopoM .J. CocrosHus

A

CHCTEMBI |m, j) ABIAIOTCA COGCTBEHHBIMA BeKTOpaMu onepatopos (J ) u Js:

(J) jm, 3 = 125G+ 1) |m, ), Js|m,j) = hm|m,j).

a) Haiimure cpeqnne 3madenus u aucnepcuu J; u Jo B COCTOSHUH |m, j).
6) IIpoekiisi MOMEHTa HMITYJIbCA CHCTEMBI HA HAINPABJICHUE, 3a1aBAEMOE €THHIY-

HBIM BEKTOPOM 71, Xapakrepusyercs omneparopom (J,n). s ciaydast
= (n1,n2,n3) = (sin 6,0, cos )

ONPEICIATE CPEJHee 3HAYCHUE U JUCTIEPCHIO 3TOH HabII0aeMOll B COCTOSHAN
|m7.7>
B) (Heobsi3aTenbHasi) OnpeesnTe BePOSITHOCTH TTOJYIUTh DU U3MEPEHNUH TIPO-

ekt MomenTa J; u (J,N) MAKCHMAJbHO BO3MOYKHOE 3HAYEHHe fij, eC/u CHCTe-
Ma HAXOJMHUTCSA B COCTOSHUU |m, j).

Yraszanue. 3nech yao0HO BOCIONB30BATHCS OMEPATOPAMHU, UTPAIOIIUMHU MO OTHOIIEHUIO K Ji

u (J,7) Takyio ke posib, KaKyI0 UIPaeT orneparop J4 IO OTHOIIEHUIO K J3.

2. KBanTOBOMEXaHUYECKAs CHCTEMa COCTOMT u3 ABYX 4acTuil. CocTOsHHE KaxKI0il Ja-

CTHIBI TIOJIHOCTHIO XapPAKTEPU3YETCsl OIEPATOPOM €e MOMeHTa mMiy/bca .J (9, rie
a = 1,2 — HOMEpaA YaCTHII.

Ha6J'IIO,ZLaTe.Hb IIpUuroTaBjJInuBacT COCTOAHUE CUCTEMbl, B KOTOPOM AOCTOBEPHO U3BECT-

HO, 9TO 3HAYEHI CKATAPHBIX KBaapaTos MoMenTos (J (V)2 pasubr h2(j,+1)j,, a 3Ha-
YeHud NpoeKnuii Ha ocb OZ MOMEHTOB Jéa) paBHubl imyg, (Jo € 22, —jo <My < Ja)-
O06o3HAYNM TAKOE COCTOSTHWE

|\D> = ‘m17j1> & ‘m27j2> .
a) quy PaBHBI B COCTOAHHUH |\I/> cpeanne 3Ha4YeHud KOMIIOHEHT IIOJTHOTO MOMEHTa

. S a2 S

mvmyabea crcremsl J; = J + J a takske ero ckassiproro kagpata (J )2 7

6) s gacraoro ciydast |W) = |71, 71) ® |72 — 1, jo) ompeenure Bce BO3MOXKHBIE

pe3y/IbTaThl m3Mepenus Habmomaenmoit (J )? | a TakzKe BEPOATHOCTH HX HABJIIO-
JICHUSI.

B ciyuae j; = jp Habuaogaresb MOXKET HPUTOTOBUTH CKassipHOe coctosiHue |P),

TOJTHBIl MOMEHT MMITYJIbCa KOTOPOTO J0CTOBEpHO pased mnyso: (J )? [®) = 0.

1970 Moxker 6biTh ee BHYTPEHHUI MOMEHT — CNUH S , WIN BHENIHUI — MOMEHT MMILYJ/IbCA YaCTHUIIBI B IIOCTPAH-

CTBE, MBI €r0 /Tajiee HA3BIBAEM 0POUMANDHOM MOMeHTOM T 00o3Hadaem M . B obmem caygae J =M + S.



B) Omnpenennre BePOSITHOCTH IOJYYEHAST BCEX BO3MOXKHBIX PE3YJIbTaTOB MPH W3-
MEpeHUH B COCTOAHUU ](I)> 3-eit TPOEKIMY MOMEHTA UMITYJIbCA TePBOH TaCTHTTHI
jél). Kakwue pe3yabrarbl MOXKHO MOJYYUTH MPHU MOCJIEYIONEM U3MEpeHuu 3-it
MPOEKIUH MOMEHTa, MMITYJIECA BTOPOI YaCTHIIHI !

Vrazarue. Y100HO OymeT BOCIOIB30BATHCS CIIPABEIIUBBIMY JIJIsT CKAJISIPHOTO COCTOSIHUAS CO-

orsomenusamu Js |®) = Jo |®) = 0.

3. 3-MepHBIII N30TPOIHBII FAapMOHUYECKNIl OCHUAAATOP. PacMorpumM Mojesb ¢
raMUJIBTOHIAHOM

~92 ~9
— 2 =
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H:;:n—i— 2q : pPER? 7R,

B KOOD/IMHATHOM HPEJICTABICHUN U B ChepHIeCKHX KOOpuHaTaX (06CyK/IeHue SO
MOJIEJI B TEDMIHAX OM€PATOPOB POXKICHHsI-YHHYTOXKEeHUs CM. B jtekiuu 16.11.2022).

Vcnosb3ys 6a3uc cobCTBEHHBIX BEKTOPOB MOJTHOIO Habopa Hab o 1aeMbix { F, M 2 M3}
(B,ZLGCB EuM = ¢ X P — 3Heprus u OpOUTAJILHBLI MOMEHT CHCTEMBI, COOTBeTCTBeHHO) B cTallu-
onapHoM ypaBHenuu [lpenuHrepa Mo:KHO OTIEIUTH VIVIOBBIE IIepeMeHHbIe 6 U ¢ 1
CBECTH 33J1a4y K PEIIEHUI0 PaJIUATBHOIO YpaBHEHUsT (CM. BHJIEO JIEKIHH TPOIILIOTO
roga 17.11.2021 u 24.11.2021, a Takxke 3amuckn Jjexmuu Ne9 2020r., crp. 1-3.)

a) Omnpezenure acUMOTOTHKH PaJHaJIbHOIO ypaBHeHusi npu r — 0 u r — 400.
Henonpsys ux, mocTpoiiTe aH3aI J71st TOMCKa COCTOSTHMIT TUCKPETHOTO CIEKTPa
H — cBa3aHHBIX cOCTOIHUU cucTeMbl. BurumcanTe 3HadeHusd >Heprum F ajs
COCTOSTHUM JTHUCKPETHOI'O CIIEKTPA CUCTEMBI.
Yrazanue. eficTByiiTe aHAJOTMIHO TOMY, KaK 3TO JEJAJIOCh IMPU MOCTPOEHUN CBI3AHHBIX
COCTOIHHUI aToMa BOZIOpPOaa

6) st KazKJI0ro JUCKPETHOrO YPOBHsI dHeprun E onpejieiure KpaTHOCTh €10 BbI-
POXK/ICHHST ¥ BOSMOKHBIE 3HAYECHNU ST BEJTMIHHBI OpPOUTATLHOTO MOMEHTA, CHCTEMBI
M? upn pannom suadenun F.

B) Haiigure mI0THOCTD MPOCTPAHCTBEHHOTO pACIpe/ie/eH s] H30TPOIHOIO rapMo-
HUYECKOTO OCHHJLISATOPA B OCHOBHOM M B IIEPBOM BO30YZKJICHHOM COCTOSHHSIX
B cay4ae, korga Ms = 0. Beipaxkenus 11 cpepuyecKuX rapMOHUK MOXKHO He
BBIBOJIUTH, a IMO3aUMCTBOBATH, HAIPUMED, B JEKIUIX:

1 3 4 3
YY) =] —, Y =44/ — eFsinb, Y = —/-— cosé.
4m 8w 4m
4. Cucrema u3 9eTbIpex HEB3AMMOJICHCTBYIOMNX APYT C JPYTOM TOXK/IECTBEHHBIX 4Ya-
CTHI CO CIUHOM 1/2 moMerneHa BO BHEIIHee CUIIOBOe TOJIe ¢ TIOTeHIINATIOM 3-MepHOTO
H30TPOITHOTO TAPMOHUYECKOTO OCIUJISATOPA. TakKuM 00pa30M MPOCTPAHCTBO COCTO-
. 4
samit cucremsr — (Lo(R?) @ €2))%%,

a) Onpenenure 3HAYCHUS SHEPTUE OCHOBHOTO H TEPBOTO BO3OYKICHHOTO COCTOSI-
HU{i STON CUCTEMBI, 4 TAK¥Ke KPATHOCTH UX BBIPOKICHUSI.
6) /ljist OCHOBHOI'O COCTOSIHUSI CHUCTEMbI ONPEJIeJIUTe BO3MOKHbBIE 3HAYECHMUSI
— IIOJIHOI'O CIIMHa CHUCTEeMbl YaCTHUIL,
— TI0JIHOTO OpPOUTANBLHOTO MOMEHTA, CHCTEMBI;
— TOJIHOTO MOMEHTA MMIIYJIbCA CHCTEMBI — CYMMBI €€ CIIUHA U OPOUTATBHOTO
MOMEHTA.
B) (Heobs3aresnbHas) 3anumure BOTHOBYIO (DYHKIHIO OCHOBHOIO COCTOSIHHUS CH-
CTeMBbI ¢ HYJIEBBIMH 3HAYEHUSIMHU MOJIHOTO CIIMHA U HOJHOIO OPOUTATBHOTO MO-
MEHTA.



