MATEMATUYECKUE OCHOBBL KBAHTOBOW MEXAHUKU 2025

JINCTOK 3. MHOTOMEPHBIE KBAHTOBHKIE CUCTEMBI: YIJIOBOW MOMEHT U CIINH,
TOXKAECTBEHHBIE YACTHULHI.

Pexomenayempiit cpok comaam: 03 mekabpst 2025r.

OxonyaresibHBI CpoK ciaauu: 12 nekadpsa 2025r.

1. Oanoii u3 HabJIIOIAEMBIX XAPAKTEPUCTUK KBAHTOBOMEXAHUYECKOH CUCTEMBI SBJISIETCS €€
MOMEHT HMIyJibcal, 3a7aBaeMblil BEKTOPHBIM omepaTopoM J . COCTOSHHA cCHCTeMBI |m, j)

SIBJISIOTCH COOCTBEHHBIMEI BekTOpamu oreparopos (J )2 u J3:

() m,g) = 250G + 1) |m,5),  Jaz|m,j) = hm|m,j).

a) Haiigure cpennue snadenus u aucnepeun Jy u Jo B cocrosiuun [m, j).
6) TIpoeknust MOMEHTa MMITY/IbCA CHCTEMBI HA HANPABJIEHUE, 3a7aBAEMOE eJIUHIIHBIM

BEKTOPOM 171, XapakTepusyercst oneparopoum (J, 7). Uust caygas
1 = (n1,n2,n3) = (sinf, 0, cos )

OIPEJIEIUTE CPEJIHEE 3HAUEHUE U JIUCIEPCUIO 3TOH HAOII01aeMOl B COCTOSTHUY |m, J).
B) (HeobGsi3arenbHasi) Onpenennre BEPOSATHOCTY MOJIYYUTH IPU M3MEPEHUH TPOEKIHI

MomenTa J) 1 (J, 7)) MAKCHMAJTBHO BOSMOZKHOE 3HAMEHHE 1ij , €CII CHCTEMA HAXOIMATCH

B COCTOSIHUM |m, 7).

Vrasanue. 31ech y106HO BOCIONB30BATLCS ONEPATOPAMH, HIPAIOIMMI 10 OTHOMIEHMIO K .J;

u (J,n) Takyio e poJib, KAKYIO UrPAET Oreparop Ji 10 OTHOIIEHUIO K J3.

2. KBanToBoMexaHmdecKasi CHCTEMa COCTOUT W3 ABYX dacTuil. CocTosHMe KarKIO0H YaCTHIIHI

IOJIHOCTBIO XApAKTEPH3YeTCs OMEPATOPOM ee MOMEHTa MMIyibca J (@, rme a = 1,2 —
HOMepa YaCTHII.

Habaogarens npuroraBgimBaeT COCTOTHUE CUCTEMBI, B KOTOPOM JTOCTOBEPHO M3BECTHO, UTO

3HAYEHUS CKAIAPHBIX KBAJAPATOB MOMEHTOB (J (“))2 pasubl h2(j, + 1)j,, a 3Hauenns Tpo-
eknnii Ha och OZ MOMEHTOB Jga) paBubl g (Jo € 2772, —ja < mg < o). O603HAUNM
TAKOE COCTOSTHME

|¥) = [m1,j1) ® [ma, j2) .
a) Yemy paBubl B cocroguuu |¥) cpepHue 3HAYCHAS KOMIIOHEHT IIOJTHOTO MOMEHTA MM-
~ ~ 1 A 2 :}
LyJIbCA CUCTEMBI J; 1= JZ-( )+ Jz-( ), a TaKxKe ero cxaaapuoro xsaapara (J )27

6) s wacruoro ciayyas |W) = |j1, 1) ®|j2 — 1, j2) onpesesure BCe BO3MOKHbIE PE3yJib-

TaTHl n3Mepenns Habmomaemoit (J )2, a Takike BEPOATHOCTDL MX HabJIOICHIA.

B cayuae j; = jo Haburojarenb MOXKET IPUTOTOBUTH CKaJjsipHOe cocrosiHue |P), mosHblii

MOMEHT MMITY/IbCa KOTOPOTo J0cToBepHO pased myimo: (J )2 |®) = 0.

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

CTBE, MBI €r0 /aJjiee HA3bIBAEM 0POUMANDbHOM MoMeHTOM T 00o3Hadaem M . B obmem caygae J =M + S.



B) OHpeﬂeHHTe BEPOATHOCTHU ITOJYYICHUA BCEX BO3MO2KHBIX DE3YJIbTATOB IIPU U3MEPEHUN

. N 5(1
B cocrosianu |P) 3-eif mpoekuM MOMEHTA MMITYJbCA MEePBOH YacTUIbI Jé ). Kaxwe
pe3yJIbTaThl MOKHO IIOJIYUUTH IIPHU [OCAeAYIOMeM U3MepeHUH 3-i IPOeKITuH MOMEHTa

AMITYTECA BTOPON 9aCTHITHI?

Ykaszanue. Y100HO GymeT BOCIOIB30BATHCS CIPABEIIUBBIMUA sl CKAJISIPHOIO COCTOSHHUS CO-
orHouenusmu Js | @) = Jy |@) = 0.

3. 3-MepHBIii U30TPOITHBII TAPMOHUYECKUIN OCHUIATOP. PacMoTpuM MOAE/TH C TAMUIb-

TOHUaHOM 9

A 73 mw
F=2L 400 jerd jerd,
2m 2

B KOODJIUHATHOM TIPEJICTABICHUN U B C(hepPUIECKUX KOOpIuHATAX (06Cy K IeHre STOi Mojesm
B TEPMUHAX OMEPATOPOB POXKIECHUsI-YHUITOXKEHNSA CM. B jekmu 16.11.2022).

Ucnonb3yst 6a3uc cobBCTBEHHBIX BEKTOPOB MOJHOTO Habopa Habmonaembix {E, M 2 M3}
(3,2[er EuM = ¢ X P — dHeprust U OpOUTAILHBIA MOMEHT CHUCTEMBI, COOTBeTCTBeHHO) B CTa-
nuoHapHoM ypasueruu Ipeguarepa MOXKHO OTAEUTH YIJIOBBIE TIepeMerHbie § u ¢ u ce-
CTH 3aJ]a9y K PEIeHUI0 PaJnajbHOr0 ypaBHeHUs (CM. BUaeo3anuch jeknmii 17.11.2021 u
24.11.2021, a rakxe 3ammckn jgexiuu Ne9 2020r., crp. 1-3.)

a) Onpegenure aCUMITOTHKEM DAMaJbHOrO ypasHenusa npu r — 0 u r — +oo. Uc-
NOJIb3Yd WX, IIOCTPOITE aH3all JJId MOUCKa COCTOAHUI JUCKPETHOTO CIEKTPa H —
CBSI3aHHBIX COCTOSHUIN cucTeMbl. Bbraucjnre 3uadenus suepruun F juig cOCTOsIHMIA
JAVUCKPETHOTO CITEKTPa CHCTEMBI.

Ykaszanue. JeficTByiiTe aHAJOTUYIHO TOMY, KaK 3TO JIEJIAJIOCH MPU MOCTPOEHUU CBSI3AHHBIX

COCTOAHUIT aTOMa BOAOPOJA

6) dast Kayka0ro IUCKPETHOrO YPOBHS Heprum E ompenesnTe KPaTHOCTH €r0 BBIPOXK-
ACHNA 1 BO3MOXKHBIC 3HQYCHIA BCJIMYMHBI Op6I/IT&JIbHOFO MOMEHTa CUCTEMbI M2 mpu
JaHHOM 3Hadenun F.

B) Haiiqure mIoTHOCTH MPOCTPAHCTBEHHOTO PACIPE/IEIEHHs] W30TPOITHOTO TapMOHUYE-
CKOTO OCIWJIASATOPA B OCHOBHOM W B MEPBOM BO30OYKJIEHHOM COCTOAHHUSX B CIyUae,
korma M3 = 0. Breipaxenus i cheprudyecKuX rapMOHUK MOX2KHO HE BBIBOJUTH, a
IO3aMMCTBOBATh, HAIIPDUMED, B JICKIUAX:

3 L. 3
YA = j:\/zeiw sin ), Yy = —\/: cos 6.
p T

4. CucreMa U3 YeTHIpEX HEB3AWMOIENCTBYIOIIUX APYT C APYTOM TOXKIECTBEHHBIX UACTHI] CO
cnimHOM 1/2 TIoMeIteHa BO BHEIHee CHJIOBOE MOJIe ¢ TOTEHIUATOM 3-MEPHOTO W30TPOITHO-
0 TAPMOHWYECKOTO OCIHUIAITOPa. Takum 0O6pa3oM MPOCTPAHCTBO COCTOSHUN CHCTEMBI —

(L2(R?) © %)™,

Yy =

a) OmnpezemuTe 3HAYCHIS SHEPIUH OCHOBHOTO U MEPBOTO BO30Y K IEHHOTO COCTOSHUET HTO
CHCTEMBI, & TAKXKe KPATHOCTU UX BBIPOXKJEHU.

6) Jlns OCHOBHOTO COCTOSHMSI CUCTEMBI OTIPEJIEINTE BO3MOKHBIE 3HAUEHUS
— IIOJIHOT'O CIIMHa CHCTEMBbI YaCTHIL;

— IIOJIHOT'O Op6I/IT8JH)HOFO MOMEHTa CHUCTEMBI;

— IIOJIHOT'O MOMEHTa HMIIYJIbCa CHCTEMBI — CYMMBI €€ CIIMHa K1 Op6I/ITaJH>HOI‘O MO-
MECHTa.

B) (HeobOs13aTesibHAsT) 3anuiuTe BOJHOBYIO (DYHKI[MIO OCHOBHOI'O COCTOSIHMS CHCTEMbI
C HYJIEBBIMA 3HAYEHHUSIMU [OJHOIO CIIMHA U TIOJHOrO OPOHTAIBHOIO MOMEHTA.



